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The gross morphology and histology of the gut in the
5th instar larva, various stages of pupa, and adult of
Erionota torus and Euploea core have been described.
Detailed accounts of the foregut, midgut, and hind-
gut during metamorphosis have been given. Particular
attention have been given to the development of the adult
crop and the formation of the proventriculus and oesophageal
invagination of the adult. The fate of each region of the
larval oesophageal invagination has been traced during the
progress of metamorphosis.
Descriptions are made to the replacement of the
midgut epithelium during the larval-pupal transformation.
The fate of the yellow body is followed.
The development of the larval ileum has been worked
out the cryptonephric condition of the larval rectum and
the disassociation. of this condition have been examined in
detail. The subsequent formation of the adult rectum,
particularly the development of the rectal pads, has been
investigated.
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Functional differentiation of each region of




Second only to the Coleoptera in number of species,
the Lepidoptera is a very large order of insects in the
Endopterygota as well as other animals.
It is difficult to tell the exact number of species
of Lepidoptera. However, it has been suggested that there
exists more than 140,000 species (Smart, 1976) of Lepidoptera.
Among these, more than 20,000 species of club-horned butter-
flies have been recorded. Moreover, Lepidoptera occurs in
almost every part of the world. This shows their great
adaptations to almost any type of environmental condition
as well as their wide range of food habits.
Most of the Lepidoptera larvae are phytophagous.
They cause great damages to almost every part of a plant:. say,
by boring into the stem as Chilo supressalis and Tryporyza
incertulas to rice by gnawing the root as Agrotis ypsilon
to vegetables or by devouring leaves as Pieris brassicae
to crucifers.
Damages caused by butterflies are of minor
importance in comparison with that of moths. However,
there are some outstanding cases such as Pieris conidia
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(cabbage white) of crucifers Parnara guttata (common
straight swift) of rice Lampides boeticus (pea blue) of
Leguminosae Papilio xuthus of citrus Graphium sarpedon
(common blue bottle) of camphor and Ariadne ariadne
(angled castor) or castor.
The alimentary canal of an insect is highly adapted
to what it eats, thus determining its ecological role (Trager,
1953). A knowledge of the functional morphology and histology
of the gut of an insect is therefore remarkably important. As
workers such as Hirano (1964) and Cheung (1966) have suggested,
a basic knowledge of the nutritional and digestive physiology
of insects may be of considerable importance for the development
of control measures to check their destruction of things that
are essential to man.
Lepidopterous caterpillars are important in the study
of economic entomology and have therefore received much attention.
The morphology and histology of the alimentary canal of these
larvae are well documented (Henson, 1931, 1932 El-Sawaf, 1950
Teotia and Pathak, 1957 Beams and Anderson, 1957 Anderson
and Harvey, 1966 Drecktrah et al., 1966 Cheung, 1966 Judy
and Gilbert, 1969, 1970 Reinecke et al., 1973 Chi et al.,
1975 Ramsay, 1976), but remarkably little is known about the
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alimentary canal during metamorphosis. Furthermore, the
larve-pupa-adult transformation of Lepidoptera is, impressive
since-the gut changes from a true functional digestive
tract in the feeding larva to a more or less vestigial
system in the non-feeding pupa and a functional nectar-
feeding system in the adult (Judy and Gilbert, 1970).
According to the Chinese legends, the Empress
of Huang Ti (The Yellow Emporor, B.C. 2697-2597) was the
first observant person who noticed the metamorphosis of
silkworm and made use of the silken cocoon thereafter
(Kellogg, 1968). In modern science, Malpighi (1669) and
Swammerdam (1685) were the first observers of metamorphos
in Lepidoptera. Malpighi studied the internal organs of
Bombes mori while the latter used Pieris brassicae and
Vanessa urticae for his observation. However, the
morphological changes of the alimentary canal have been
less studied while other orders, such as Diptera and
Coleptera have received more attention (Deegener, 1904
Perez, 1910 Snodgrass, 1924 Beal, 1927 Mansour, 1927
Bodenstein, 1950 Whitten, 1957b Romoser and Venard,
1966, 1967 Ameen, 1969 Benham, 1970 Morgan et al.,
1970 Ameen and Rahman, 1973 and Becker, 1978).
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Butterflies are regarded as more advanced than moths
in general (Common, 1975). However, most of the investigations
concerning the alimentary canal of Lepdioptera in relation to
metamorphosis were those of moths. In this case, it is
necessary to study whether the drastic changes of the
alimentary canal of butterfly during metamorphosis is similar
to that of moth.
Erionota torus Evans of Hesperiidae and Euploea core
Cramer of Danainae (Nymphalidae) were chosen for this study..
As. Common (1975) has pointed out: In more advanced pupae
the degree of movement of the abdominal segments decreases,
beginning at the base of the abdomen, until, in the most
specilized movement is possible between only two segments
or not al all. The pupa of Erionota has freedom of movement
between abdominal segments whilst the pupa of Euploea is fixed
and no movement-was shown even when being disturbed. Moreover,
Erionota spins a thin cocoon, which is a characteristic shared
with moth in common, before pupation actually takes place.
It is obvious that Erionota is more primitive. The changes
of its alimentary canal could, therefore, be somewhat different
from that of Euploea.
5The aims of this investigation are as follows:
1. to study the gross morphology of the alimentary canal
during various stages of metamorphosis.
2. to examine the anatomy and histology of the true functional
alimentary canal in the feeding larva to that in the nectar-
f eeding adult.
3. to examine the changes of the ectodermal originated f oregut,
and hindgut during metamorphosis, especially the development
of the adult crop and the adult rectum.
4. to examine the development of the endodermal originated
midgut.
This thesis is divided into three major parts:
1. Gross morphology of the gut of the two species during
metamorphosis:- to show, with illustrations, the gradual
changes of the larval gut to adult gut.
2. Histology of the gut of the two species during metamorphosis:-





3. General conclusion and summary.
6PART I
GROSS MORPHOLOGY OF THE GUT




This chapter is a preliminary study dealing with
the gross morphological changes of the gut of Erionota torus
and Euploea core during metamorphosis. This study provides
a bird's-eye view for the metamorphic changes of the gut
and serves as a basis for the histological studies subsequently.
MATERIALS AND METHODS
The eggs and larvae of Erionota torus Evans were
collected from local banana cultivation. Larvae hatched
out were reared in banana leaves (Musa paradisiaca L. var.
sapientum 0. Ktze.) rolled up by hand. Each leaf-roll was
placed separately in a polythene bag and tied up with rubber
band to maintain a satisfactory humidity. Fresh banana leaves
were supplied to the young larva every two days while those
for fifth ins tar larvae were supplied every day. The
culture was maintained in a wooden rearing chamber in the
laboratory with a temperature of 27°C + 2°C and R.H. 80-85%
and a long day photoperiod of 14 hours was kept. Special
attention has been paid to those fully grown fifth instar
larvae, which, when stopped feeding, were allowed to pupate.
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Adults were collected either from local fields or from
energed pupae.
Most of the eggs and larvae of Euploea core
Cramer were collected from Shum Chun, China. Eggs were
placed in a glass container covered with a petri dish.
Newly hatched larvae were reared either in.plastic
container or petri dish. Third ins tar larvae were
transferred with a brush to oleander (Nerium indicum
Mill.) or fig foliage (Ficus sp.) which were placed in
a bottle of water so as to be kept fresh. Fully grown
larvae,. when attached themselves to the leaves, were
placed separately in a vial and allowed to pupate.
Adults were obtained from local fields or from laboratory
reared pupae.
All observations were made on freshly dissected
materials in insect saline. The size of gut regions were




The gross morphology of the gut of these two species
is essentially the same. The larval gut, similar to other
Lepidopterous larvae (Gray, 1931 Henson, 1931, 1932 Chauthani
and Callahan, 1967 Judy and Gilbert, 1969 Chi et al., 1975) ,
is more or less 'a simple straight tube leading from the
mouth to the anus. Alterations of corresponding regions of
the gut of the two species during metamorphosis are more or
less the same.
According to embryonic origin, the gut of botr
species can be divided into.three main regions, namely
the foregut, the midgut and the hindgut.
I. . FORFGUT
1. Active feeding fifth ins tar larva (Fig. 1) :
The foregut is the first region of the three main
divisions of the entire alimentary canal containing the
buccal cavity, pharynx, oesophagus, crop'and the oesophageal
invagination or known as the stomodeal valve.- It is located
immediately behind the mouthparts and extends to the third
thoracic segment of the insect.
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The mouth is the anterior opening of the alimentary
canal and'it originates behind the paired mandibles. Extends
posteriorly to the body about 0.6-1 mm is the funnel-shaped
buccal cavity which tapers to join the pharynx. At the
junction where the buccal cavity meets the pharynx, there
are several strong circular muscles which are probably
concerned with the ingestion of food.
No immediate distinction marks the junction where
the pharynx joins the oesophagus. However, the oesophagus
is characterized by having numerous surrounding circular
muscle bands as well as dorsolateral and ventrolateral
dilator muscles which insert to its walls. The musculature
of the cephalic region of the foregut is similar to those
described by Henson (1931), Snodgrass (1935), Chauthani
and Callahan (1967), and Judy and Gilbert (1969) in other
Lepidopterous larvae.
The buccal cavity is flexed vetitrad, but the
pharynx and oesophagus assume a more horizontal position in the
head. Before joining the crop in the thorax, the posterior
part of the oesophagus expands slightly. However, the crop
can be viewed as an expanded portion of the oesophagus.
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The crop follows the oesophagus which terminates
approximately at the posterior margin of the head and joins
the midgut at the third thoracic segment. The size of the
crop varies from 3.3 to 4.5 mm in Euploea, and from 4.7 to
5.5 mm in Erionota, depending on the quantity of food
present in the lumen. The crop is covered by a regularly
spaced muscle network which is made of inner longitudinal
muscles and outer circular muscles. This network enables
the crop to expand twice its capacity to store the ingested
food when needed. However, in an active feeding larva, the
crop is generally filled with food clippings.
Located at the posterior foregut and extended to
the anterior midgut is the oesophageal invagination or the
stomodeal valve. It is composed of 3 leaflets. Each
leaflet has 6-7 fingerlike projections at the tip (Fig. 2).
No marked difference of the gross morphology of
the foregut of Erionota and Euploea is noticeable except
the foregut in Erionota is slightly longer than the cor-
responding regions in Euploea.
2. Prepupal stage:
The fifth instar of Erionota lasts about 9 days
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while that of Euploea lasts 7-8 days. The first 4-5 days
are feeding stage as previous ins tars . In most cases, the
larva ceases feeding three days prior to pupation, and then
gradually voids its gut contents. In general, cease of
feeding marks the beginning of larva-pupa transformation.
However, it takes approximately two days to empty all the
contents in the tut.
In the prepupal stage, the crop of both species
begins to reduce in diameter immediately after emptying the
contents to the midgut. Gradually, the crop becomes a
narrow tube with numerous longitudinal folds or creases.
The cause of such a reduction of size is attributed to the
contraction of circular muscles (Judy and Gilbert, 1969).
Eventually, the crop becomes reduced to a narrow tube of
uniform diameter.
Before.pupal ecdysis,.the oesophageal invagination
is withdrawn from the anterior midgut to the posterior
foregut (see p. 47-48).
3. Pupal stages:
Dissection of 0-hr-pupa reveals that no apparent
changes occured except the reduction of the diameter of the
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foregut (Fig. 3) and the shortening of the oesophageal
invagination. The diameter of the foregut has now reduced
12 to 1/3 of its original size. It is now covered by a
thin layer of evenly distributed fat and connective tissue
or confuse tissue. The oesophageal invagination has been
withdrawn from the midgut forming an opaqe plug which
occludc6 the lumen of the posterior margin of the crop.
The alignment of the oesophagus is.attributed to the
contraction of the outer lying muscular connective
(Bahadur and Kathuria, 1971).
In a 35-hr-pupa of Euplo ea , . the diameter of most
of the foregut has reduced from 0.5 mm to 0.3 mm except the
posterior margin, where the withdrew larval oesophageal
invagination is located, remains about 0.7-0.8 mm. Furthermore,
on the dorsal side of this margin, a slight evagination or
swelling is formed, which is the developing adult crop.
However, no evagination is found on the f oregut -of a
35-hr-pupa of Erionota.
In a 45-hr-pupa, the cuticular intima of the foregut
sloughs from the epithelium and occludes the lumen like a
thread (Fig. 4). At the same time, the foregut is more delicate
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than before. This is attributed to the disintegration of
the outer-lying musculature which forms the skeleton of the
foregut. In the pupa of Erionota, a tiny evagination is
found forming on the dorsal side of the posterior f oregut .
It is obvious that the timing of the development of the
adult crop varies in these two species.
As a result of cell division, the developing adult
crop in a 80-hr-pupa of both species increases in size rapidly
The developing crop of Erionota is more or less triangular
in shape while that of Euploea is barrel-shaped. The crop
is transparent and is filled with clear fluid.
By the time the pupa is 100-hr old, the developing
crop of Erionota and that of Euploea increase 2 fold and
4 times respectively.
At the base of the developing crop just before
joining the midgut, the posterior foregut expands slightly
to form the proventriculus.
In a 150-hr-pupa, no further changes of both species
are noticeable except the enlargement of the developing crop
(Fig. 4). The posterior part of the foregut left after the
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formation of the developing crop is called the proventriculus.
The proventriculus is noticeable only after the adult crop
has well developed.
Once the developing crop obtained a steady size,
the pupal development of the foregut is almost completed
except the folding of the invagination of the proventriculus
into the midgut to form the adult oesophageal invagination.
4. Adult:
The anterior.foregut of an adult is only a simple
straight tube with no diverticulum or projection, it remains
narrow and unspecialized in the nectar-feeding adult.
Dissection of fresh adult emerged shortly after
ecdysis reveals that the crop is inflated with gas.. It is
obvious that the inflation of the crop takes place during
the expansion of the wings. However, -after the inflation,
the crop then looks like a silvery balloon occupying the
upper part of the first thoracic segment, and in some
cases, extends to the second thoracic segment. The crop
has very strong peristaltic movements which is said to
provide a compensatory mechanism for maintaining haemocoel




1. Active feeding fifth ins tar larva:
The midgut is the largest organ, located from the
third thoracic segment to the sixth abdominal segment,
occupying most of the space of the haemocoel, with three
Malpighian tubules running along each side (Fig. 1).
The midgut of both species, unlike some other
Lepidopterous larvae (Gray 1931 Judy and Gilbert, 1969
Chi et al., 1975), is only a straight tube without any
diverticulum _or caeca-like protuberance. However, similar
to other insects, it is endodermal originated.
The midgut is a continuation which receives the
foregut at the posterior margin of the third thoracic
segment and leads to the pylorus of the hindgut at the
sixth abdominal segment. No musculature is found holding
the midgut in place but the tracheae.
The midgut of an active feeding 5th larva is
characterized by its strong, active appearance. It is,
in general, always filled with food clippings. The walls
of the anterior midgut as well as that of the posterior
midgut almost always have circular creases. This is
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attributed to the strong muscle contraction which is
probably responsible for the receiving of food clippings
from the crop and the removal of food pellets into the
hindgut. It is obvious that the contraction of both
longitudinal muscles and circular muscles constructs the
so-called peristalsis which makes the rhythmic transport
possible. Reverse of those of the ectodermal originated
foregut and hindgut, the arrangement of the longitudinal
muscles of the midgut are external to the circular
muscles. There are distinct pairs of longitudinal
muscle bands running along the midlines of the dorsal
and ventral area of the midgut, one pair on each side.
Enclosing all the food clippings, a transparent
membrane lines beneath the epithelium along the entire midgut,
this is known as the peritrophic membrane. However, the
membrane may be multi-layered in the posterior half of the
midgut.
2. Prepupal stage:
The midgut undergoes metamorphic changes early
before all food contents are removed. However, the cease
of feeding can be regarded as the beginning of the larva-
pupa transformation.
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After the removal of food contents to the ileum,
the midgut is less rigid and begins to reduce in diameter.
However, instead of food clippings, it is now fully filled
with clear liquid (Fig. 3).
Before pupation takes place, the midgut sloughs
the larval epithelium to the lumen forming the orange
coloured yellow body (see p. 57-58). The entire midgut is
replaced by the pupal epithelium.
3 . Pupal stages:
No further changes of the midgut are noticeable in
a new pupa. The musculature shows no.degeneration, and the
midgut is therefore the most strong part of the entire
alimentary canal during the larva-pupa transformation (Fig. 3).
to both 1rionota and Euploea, the midgut shows no
further metamorphic changes except the reduction of size.
The midgut of Erionota persists as a narrow tube ca. 10 mm
long and 1.5 mm diameter throughout the remainder of the
pupal life. The midgut of Euploea, however, reduces gradually
until it reaches a length of 5 mm.
In a 80-hr-pupa of Euploea, the lumen contains
less liquid than before, and the yellow body (see p. 57-58)
19
is closely packed, thus, making the midgut hard and rigid.
By the time the pupa reaches 100-hr or even 150-hr, the
yellow body is, so far from being delicate, very hard
indeed. However, in a 180-hr-pupa or 200-hr-pupa, it
becomes softened. This is attributed to the gradual
completion of the digestion of the yellow body by the
pupal epithelium. In Erionota, the yellow body is
always loosely packed in almost every stage, and is
therefore more delicate in appearance.
The midgut empties its contents to the hindgut
after the breaking down of the yellow body is completed.
Furthermore, the discharge of wastes from the midgut to
the hindgut can be regarded as the end of the metamorphosis
of the midgut.
4. Adult:
The midgut of an adult butterfly is similar to that
of the mature pupa, no immediate differences are noticeable
except that the epithelial wall' is much folded circularly.
III. HINDGUT:
1. Active feeding fifth ins tar larva:
The midgut of the active feeding 5th larva of
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Erionota and Euploea is essentially the same. It consists
of three regions: the pylorus, the ileum, and the rectum.
The larval hindgut occupies most of the haemocoel from the
7th abdominal segment to the rear end of the insect.
The junction of the midgut and the pylorus isd
not immediately obvious since the diameter of the posterior
imaginal ring is more or less the same as that of the
posterior midgut. However, the musculature of the midgut
terminates at the junction immediately before the posterior
imaginal ring so that the epithelium of the pylorus is not
as folded as the posterior midgut. The musculature of the
hindgut of Erionota and Euploea agrees the descriptions
of Reinecke et al (1973) for Manduca sexta.
The pylorus is subdivided into three regions: the
posterior imaginal ring, the pyloric cone, and the pyloric
valve (see p. 62-63). The thin walled pyloric cone tapers to
join the pyloric valve about 1.5-2 mm posterior to the midgut.
A pair of common Malpighian ducts inserts to the anterior edge
of the pyloric valve. Each duct extends forward to form the
enlarged common Malpighian ampulla which receives products
from three Malpighian tubules. After running forward along
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the midgut about two third the length of the midgut, the
tubules turn back sharply and, again, running along the
midgut to the hindgut. At the anterior rectal sac, the
Z
tubules insert to the rectum and form the cryptonephidial
A
system (Fig. 1).
The pyloric valve or known as the pyloric sphincter
is a heavily muscled tube which is situated between the
pyloric cone and the ileum. This tube serves as a sphincter
which regulates the passing of faecal pallets.
Posterior to the pyloric valve, the hindgut forms
the expansible ileum in the 8th abdominal segment. In some
other Lepidopterous larvae such as Manduca sexta (Reinecke
et al., 1973) and Hyalophora cecropia (Judy and Gilbert 1969),
the enlarge ileum is apparently different from the colon by
their size and shape. In the case of Erionota and Euploea,
it is a morphologically undifferentiated tube connecting the
pylorus to the rectum. The ileum are surrounded by numerous
circular muscles. The epithelium of the anterior end of the
ileum is highly convoluted forming several longitudinal
foldings which occlude the lumen.
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The rectum follows the ileum at the anterior
margin of the 9th abdominal segment. It is a large sac
that occupies most. of the haemocoel of the 9th and 10th
abdominal segments. The rectum consists of the rectal
valve and the rectal sac. The rectal valve, similar to
the- - pyloric sphincter, is heavily muscled.
The rectum receives the insertion of the three
pairs of Malpighian tubules which penetrate the outer and
inner perinephric membrane of the rectum approximately 1 mm
posterior to the rectal valve. After penetrating the outer
perinephric membrane, the Malpighian tubules extend
posteriorly beneath the outer space to the posterior part
of the rectum and pass inward through the double-layered
medial space, and extend forward. In the inner space,
the tubules are called inner tubules which is extremely
convoluted and difficult to trace. Eventually, the inner
tubes terminate between the rectal epithelium and the inner
membrane.
No rectal complex is found at the posterior end of
the rectum, about 0.5 mm anterior to the anus. The region
is known as the anal duct. Posterior to the duct is the anus
which is the posterior opening of the alimentary canal (Fig. 5),
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Again, no differences are noticeable in the gross
morphology of the larval hindgut of Erionota and Euploea.
2. Prepupal stage:
After the completion of the removal of faecal pellets
approximately 48 hours before pupation, the hindgut undergoes
larva-pupa transformation. Similar to the metamorphic changes that
take place in the foregut during prepupal stage, the hindgut
reduces in length and diameter and gradually becomes a narrow
tube. The peritrophic membrane, together with food contents,
is voided into the hindgut.
3. Pupal stages:
In most cases, the hindgut of a newly pupated pupa
is surrounded by a thick mass of the condensed muscles.
Similar to the foregut, the musculature of the hindgut under-
goes degeneration during metamorphosis. However, the
association of the cryptonephric system and the hindgut
remains in the same situation. The hindgut is flexed
ventrally and is shortened considerably when pupation is
completed. The shortening of the hindgut is largely a
result of the contraction of the musculature. Furthermore,
the withdrawal of the larval.pylorus is a minor factor that
results in the shortening of the larval pyloric cone. As
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a result of the contraction of the pyloric cone, the common
Malpighian ducts enter the pupal ileum immediately after
the posterior imaginal ring.
In the early pupal stage, the hindgut is covered
by a layer of evenly distributed diffuse tissue which is
made up of degenerating muscles, fat bodies and Malpighian
tubules of the cryptonephric system. Although the junction
between the ileum and the rectum is no longer noticeable,
the larval rectal valve is recognizable in terms of the
insertion of.the Malpighian tubules to the rectum.
The hindgut begins to elongate by means of cell
division at about 45 hours after pupation (Fig. 4). In
many cases, the remnants of the degenerating muscles of
the larval ileum spread into the haemocoel, thus, making
the appearance of the hindgut fuzzy. This phenomenon
indicates the disintegration of the cryptonephric system and
the reformation of the larval fat bodies. However, the
hindgut becomes a slender narrow tube of nearly uniform
diameter.
With the elongation of the pupal ileum, the posterior
hindgut expands to form the rectal pouch (rectal proper).
The rectal caecum is a diver.ticulum anterior to the rectal
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pouch. It projects forward over the insertion of the ileum,
and develops after the rectal pouch has swollen (Fig. 4).
By the time the pupa is 100-hr old, the walls of
the rectal pouch contain numerous small, round, thickenings
which are the developing rectal pads (Fig. 4). The majority
are located in the posterior portion of the rectal pouch.
However, none of these pads-has been found in the rectal
duct or the anterior part of the rectal caecum. The
rectal proper tapers to join the rectal duct which is a
simple tube leading to the opening of the rear end of the
alimentary canal, the anus (Fig. 4).
As a result of elongation, the pupal ileum is coiled
between the midgut and the rectum (Fig. 5). However, no
further morphological changes are noticeable.
In a 200-hr-pupa, the midgut empties its contents
into the ileum. By the active actions of peristalsis of the
ileum, excreta from the midgut as well as the Malpighian
tubules are discarded to the rectum which serves as a storage
chamber.
The discharge of meconium to the hindgut indicates
the completion of pupal development of the alimentary canal.
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4 . Adult:
Shortly after adult ecdysis, the.insect releases
the meconium from the rectum. No further morphological
changes are noticeable in the hindgut of adult.
Fig. 7 gives a summary of the larva-pupa-adult
transformations.
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Fig. 1 Diagrammatic representation of the larval guts of
Erionota (A) and Euploea (B) at active feeding stage
cr : crop
it : ileum
lm : longitudinal muscles
mg : midgut


















Fig. 2 Diagrammatic representation of one of the three
leaflets of the stomodeal valve of Erionota at
active feeding stage.
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Fig. 3 Diagrammatic representation of the pupal guts of
Erionota (A) and Euploea (B) at 0-hr. Note the















Fig. 4 Diagrammatic representation of the pupal guts of
Erionota (A) and Euploea (B) at 150 hr.























Fig. 5 Diagrammatic representation of the pupal guts of
Erionota (A) and Euploea (B) at 250-hr. Lateral
views of the crop are shown on the left hand side
of respective sficies.
cr : crop
f g : foregut
it : ileum
mg :' midgut
rc : rectal caecum
rd :. rectal duct






Fig. 6 Diagrammatic representation of the adult guts of
















Fig. 7 Diagrammatic representation of larval, pupal,


















Studies on the internal anatomy of Lepidopterous
larvae in relation to metamorphosis probably began with the
classical works of Malpighi (1669) and Swammerdam (1685).
Following the observations of these pioneers, Lyonnet (1962)
contributed a monograph on larval structures of the goat moth
caterpi-Ilar. Bordas (1911) produced a comparative investigation
of the gross and histological structures of the digestive tract
and malpighian tubules of more than two dozen larvae selected
from varies Lepidopterous families. Numerous articles have
been contributed after the investigation of Bordas (1911).
Peterson (1912) investigated the internal anatomy of
the tomato hornworm, Protoparce quinquemaculata, in detail.
The larval alimentary canal of the milkweed butterfly, Vanessa
urtica and that of the large white, Pieris brassicae have
been extensively studied by Henson in 1931 and- 1932 respectively.
Henson (1931) gave a very detailed description of the larval
alimentary canal both in gross morphology and histology. He
regarded the anterior imaginal ring as the anterior inter-
stitial ring, for the reason because it is present in
essentially similar form in both the larva and imago. It
plays so little in the metamorphosis that it can scarcely be
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regarded as an embryonic region set aside for the production
of imaginal tissues. However, he gave a very detailed
description of the larval foregut and the hindgut. In 1932,
.he reported the embryonic development of Pieris brassicae,
which was, again, a detailed investigation. Neiswander
(1935) studied the gut of the oriental fruit moth larva.
The midgut of the silkworm, Bombyx mori has been extensively
investigated by Shinoda (1926), Machida (1933) and Tsujita
(19433, 1948).
In the past 30 years, the study of the gut of
Lepidopterous larvae became more popular. El-Sawaf (1950)
studied the gut of the wax moth, Galleria mellonella.
Drecktrah et al (1966) contributed a very detailed anatomy
and morphology of the European corn borer, Ostrimia nubilalis.
in the 1960's anti 1970's, various authors have
concentrated in the ultrastructure of certain organs or
structures of the Lepidopterous alimentary canal (Durr,
1967 Mcleod et al., 1969 Byers and Bond, 1971 Reinecke
et al., 1973 Chi et al., 1975 Schultz and Jungreis, 1977).
However, works on the adult or post-embryonic development
of the gut of Lepidoptera are few (Verson, 1905 Gray, 1931
Krishnakumaran and Schneiderman, 1964 Chauthani and Callahan.
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1967 Judy and Gilbert, 1969, 1970 Waku and Sumimoto, 1971,
1974). A few accounts are reported on the development of
the Malpighian tubules of Lepidoptera and their associated
structure (Srivastava and Khare, 1966 Khare, 1974). However
most of these works are done on moths and are restricted on
larvae. There is a paucity of detailed information on the
functional morphology of the gut of butterflies during
metamorphosis is.
MATERIALS AND METHODS
Insects were dissected in insect saline. The gut was
either fixed in Formal saline or Bouin's fluid. Tissues were
dehydrated in ascending series of alcohols and embedded in
paraffin at 56°C. Sections were cut at 3 u - 7 u and were
stained with Erlich's Hematoxylin or Delafield's
hematoxylin counterstained with eosin. However, PAS test was
used in some cases (Pearse, 1968).
OBSERVATIONS
I. FOREGUT:
1. Active feeding 5th instar larva:
The foregut is the first division of the three main
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divisions of the entire alimentary canal, containing the
buccal cavity, the pharynx, the oesophagus, and the thin-
wall crop which are ectodermal in origin (Fig. 1) .
a. Buccal cavity:
The buccal cavity is the anterior end of the foregut.
The epithelium of the cavity is composed of squamous cells.
The intima lining the epithelium of the cavity is approximately
5-7 )a thick and bears numerous rows of posteriorly directed
spines that are about 4-5 , long. Several dilator muscles
and longitudinal muscles insert to the walls of the buccal
cavity. These strong muscle bands are concerned with the
ingestion of food.
b. Pharynx:
The pharynx is a continuation of the buccal cavity
leading to the oesophagus. Similar to that of the buccal
cavity, the epithelium -of the pharynx is composed of
squamous cells with centrally located, ovoid nuclei and
is lined with thick spiculated intima as well (Fig. 8).
Unlike the epithelium of the buccal cavity, the
epithelium of the pharynx is much folded, forming an
occluding and expansible tube.
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c. Oesophagus:
Leading inward from the pharynx is the oesophagus
which is formed by an epithelium lined with smooth intima
that varies in thickness (8-25 p) (Fig. 9). There are
also. a number of protrusions formed by the folded
epithelium enabling the oesophagus to expand during
ingestion of food. The muscles of the oesophagus
are quite different from that of the pharynx. Adhering
to the epithelium, there are 20-25 circular muscle
bands with a few externally lined longitudinal muscles
which insert to the epithelium of the anterior end
of the oesophagus.
d. Crop:
The crop is a thin-walled dilation of the oesophagus.
The epithelium of the crop is formed of squamous cells
lining with-a thin cuticle. The epithelial cells generally
possess more or less fattened ovoid nuclei. There are
lots of mini creases on the crop wall the- nuclei appear
discoidal or branched. The epithelium extends to the
anterior midgut and forms the oesophaeal invagination.
e. Oesophageal invagination:
The oesophagueal invagination splits into three leaf-
lets (Fig. 2) which extend to the lumen of the anterior
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midgut. These leaflets are double-layered. Located
between these layers are several circular muscles or
annular muscles and tracheae. Longitudinal muscle
bands are found attached on the external side of the
oesophageal invagination to the rim of the anterior
midgut. According to Romoser and Venord (1967),
Bahadur and Kathuria (1971), the oesophageal
invagination can be subdivided into five regions
(Fig. 15a, 16).
The first region is situated at the junction between
the foregut and the midgut. The cells of this region
are very small with centrally located ovoid nuclei. It
is obvious that the cuticular intima of the foregut
terminates here between these cells (Fig. 15a, 16).
Situated immediately anterior to the first region
is the anterior imaginal ring or the second region. This
region consists of embryonic cells which develop into
several adult organs during metamorphosis.
The third region is made up of cells located below
the annular muscles. The cells of this region are less
closely appressed and can, therefore, be distinguished
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easily. Moreover, the size of the. cells of the third
region are larger than those of the first and second
regions (Fig. 15c) .
The fourth and fifth regions are both composed of
cells with large nuclei. Roughly, R4 and R5 consist of
the cells of the posterior layer and anterior layer
of the oesophageal invagination respectively (Fig. 15a).
2. Prepupal stage:
Immediately after the cease of feeding, the foregut
voids all its contents to the midgut, and undergoes condensation.
As a result of the contraction of circular muscles, the
epithelium of the foregut folds longitudinally, thus occluding
the lumen. However, the folds of the larval.crop are more
extensive and consist of both longitudinal and circular
creases (Fig. 15b). The cuticular intima that lines the
epithelium of the foreut now becomes detached gradually.
Despite the narrowing of the foregut, the most
drastic change in the foregut during the prepupal stage is
the alignment of the oesophageal invagination. The
oesophageal invagination is withdrawn from the anterior
midgut gradually. The intima of the foregut becomes more
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distinct and loosely attached to the invagination this is
largely a result of the shortening of the valve. Prior
to the pupal ecdysis, the valve is withdrawn completely
from the midgut and is situated at the posterior foregut
where it seals the lumen (Fig. 15b).
Dissections of the late 5th instar larva reveal
that Region 2 and 3 are shortened and the number of cells
in the regions is apparently increased. Cells of Region
4 and 5 are closely packed. The intima has detached from
the epithelium and occluding the lumen.
3. Pupal stages:
a. Anterior foregut:
In a 0-hr-pupa, the epithelial wall of foregut is
folded longitudinally. As a result of condensation, the
diameter of the lumen is much reduced. The epithelial
cells become more or less cuboidal. The thick intima is
still lining the epithelium and the muscles remain
intact (Fig. 10).
As the foregut undergoes further condensation, the
epithelial cells become columnar. The intima is likely
to be detached from the epithelium. By the 35-hr to
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45-hr after pupation, the lumen is reopened and the
epithelium is no longer folded (Fig. 12., 13). The
epithelium is now composed of cuboidal cells with
centrally located ovoid nuclei. The outerlying
muscles undergo degeneration. In a 80-hr-pupa, the
muscles are no longer evident, and the intima is
sloughed to the lumen. The epithelial wall of the
anterior foregut is now composed of more or less
elongated squamous or cuboidal cells with comparatively
larger nuclei (Fig. 14).
b. Posterior toregut:
In a 0-hr-pupa, the alignment of the oesophageal
invagination has not yet completed. In Erionota, the
alignment is completed at 35-hr after pupation (Fig. 17)
while that in Euploea is much earlier - 24 hr (Fig. 20).
After the completion of the alignment, the cells of
each region are quite distinct. The cells of Region 4
and 5 are closely packed, with large and deeply staining
nuclei (Fig. 17) those of the anterior imaginal ring
are columnar with tiny nuclei which are closely appressed
(Fig. 17, 20). However, the completion of the alignment
can be regarded as the beginning of further development
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of the anterior imaginal ring and the degeneration
of Region 4 and 5.
In a 30-hr-pupa of Euploea and a 40-hr-pupa of
Er iono to , numerous mitotic figures can be seen at the
anterior imaginal region - Region 2 (Fig. 21).. By the
30-hr-pupa of both Erionota and Euploea, numerous darkly
staining globular bodies are found in Region 4 and 5
and extend to the outerlying connective tissues (Fig.
22). According to Bahadur and Kathuria (1971), these
globular bodies are formed by the cells of Region 4 and
5 after degeneration. Furthermore, these bodies are
probably the pupal 'spherules', which are multinucleate
masses that phagocytose larval fragments (Whitten, 1968).
After the alignment has completed, the muscles surrounding
the foregut are poorly defined. As the adult crop
develops at about 25-hr after pupation, the muscles
break into small fragments and undergo gradual degeneration
(Fig. 20).
The development of the adult crop becomes obvious
in the 45-hr-pupa of Erionota and the 35-hr-pupa of
Euploea (Fig. 22). The degenerating cells of Region 4
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and 5 and those of the outerlying muscles are seen by
their darkly staining globular appearance.
The adult crop increases rapidly in size as a
result of mitotic divisions. By the time the pupa is
100-hr old, the developing crop is enlarged 3 fold.
The roof of the developing crop is composed of large
cuboidal cells with large, centrally located nuclei
(Fig. 18e, 18f.). The floor, however, is composed
of comparatively small cells. In a 200-hr-pupa,
cytoplasmic projections are noticeable on the cells
of the crop near the proventriculus (Fig. 28).
As previously stated, the anterior imaginal ring
develops to form the adult crop in early pupal stage.
The cells of the posterior region of the anterior imaginal
ring left after the formation of the developing adult
crop undergo further changes. The anterior 1/2 of this
region of Erionota and the anterior 1/3 of Euploea
become folded upon the anterior margin of the posterior
region and gradually covers it as the pupa becomes
150-hr old (Fig. 18f). In Erionota, the invaginated
anterior region and the posterior region consist of
cuboidal cells at first and gradually become flattened
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in a 220-hr-pupa (Fig. 18). As a result of flattening,
the epithelium increases in length and becomes folded
and projects to the.lumen. The epithelial cells of
the posterior region, however, are highly appressed
(Fig. 18).
In contrast to this, the epithelial cells of the
proventriculus of Euploea, both of the anterior and
posterior regions, are more or less cuboidal in almost
all stages. In a 220-hr-pupa, the epithelium of the
region becomes flattened and, as a result, the epithelium
is highly convoluted and compressed (Fig. 23, 24).
Although the old intima is occluding the lumen of the
foregut, a new one is formed lining the epithelium.
No further changes are noticeable hereafter and
throughout the remainder of the pupal life except the
regeneration of the muscles that surround the proventriculus.
The proventiculus. is, again, heavily muscled by the time
the pupa is of 260-hr in Erionota and of 240-hr in Euploea
respectively.
4. Adult:
Dissections of newly emerged adults (Fig. 19, 26)
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reveal that the double layered posterior region has folded
posteriorly into the lumen of the anterior.midgut, forming
the adult oesophageal invagination. The crop has squamous
.cells of large nuclei (Fig. 29).
II. MIDGUT
1. Active feeding 5th instar larva:
The midgut is a simple straight tube leading from
the foregut to the hindgut. Unlike other parts of the
alimentary canal, the midgut is endodermal originated.
As described by Snodgrass (1935) for Lepidoptera
in general, the midgut epithelium consists of columnar cells,
goblet cells and wedge-like regenerative cells lining along
the basement membrane. All these cells are arranged in a
single layer (Fig. 32).
The midgut can be roughly distinguished into three
regions: the anterior midgut, the mid-midgut, and the posterior
midgut .
a. Anterior midgut:
The anterior midgut is the anterior chamber where
digestion of ingested food probably takes place. Columnar
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cells and nearly equal number of goblet cells made up
the single-layered, much folded epithelial wall (Fig. 30).
Each cell has a fine brush border lining on the apical
surface, and a large ovoid nucleus located in the
apical half. The cytoplasm is granular in appearance.
In many cases of Erionota, the nuclei are slightly
flattened and are centrally located (Fig. 31).
The goblet cells are large and barrel-shaped.
Each goblet cell also possesses brush border and has
a large urn-shaped central cavity (Fig. 30). The
ovoid nucleus is restricted to the basal end of the
cell. The goblet cells are more abundant in the
anterior midgut but fewer than those of the mid-midgut
.and posterior midgut.
The peritrophic membrane is formed by the
delamination of the brush border to the lumen
(Waterhouse, 1953 Smith, 1968 Wigglesworth, 1972)
(Fig. 31). It is a structure probably functioning
in preventing actual contact between the epithelium
and ingested food (Wigglesworth, 1972) (Fig. 33).
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b. Mid-midgut:
The epithelial wall of the mid-midgut is smooth,
unfolded. The columnar cells of the mid-midgut are
slightly larger than those of the anterior midgut.
Each nucleus is placed centrally (Fig. 32)
The goblet cells are extremely abundant in the
mid-midgut (Fig. 32). The contents of the central
cavity has the same staining property as the cytoplasm
which is eosinophilic. The nuclei are located near
the basal end of the cells.
The peritrophic membrane of the anterior midgut is
usually a single layer, but in the mid-midgut and the
posterior midgut, it appears to be formed of several
layers (Fig. 31).
c. Posterior midgut: -
Similar to the anterior midgut, the epithelium of
the posterior midgut is much folded. The goblet cells
are extremely abundant. The columnar cells are more or
less elongated with their nuclei located centrally (Fig. 33)
Numerous spherical bodies or vesicles are found
lining along the brush border or located randomly in the
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space between the epithelium and the peritrophic membrane
(Fig. 33). Obviously, these vesicles are restricted in
this space since none of them has been found in the
lumen among food particles. These vesicles are probably
formed by the protrusions of the epithelial cells
d
(Fig. 33).
The regenerative cells are located beneath the
basement membrane, interspersed among the tall cells
(Fig. 32). The cells increase in number during
maturation from instar to instar, and begin to grow
at the beginning of resting stage forming a new
epithelium for the pupa. These cells are smaller
in comparison with the others of the epithelium,
and are oval in shape having an ovoid nucleus
located in the centre.
The peritrophic membrane of the posterior midgut
extends to the pyloric cone of the hindgut, leading food
particles to the pyloric valve.
Generally, there are circular muscles around the
epithelium just beneath the basement membrane, and
longitudinal muscles running externally.
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2. Prepupal stage:
Most of the metamorphic changes of the midgut
take place in this stage before pupation. After the larva
has ceased feeding and has emptied the gut contents, the
midgut begins to undergo larva-pupa transformation.
Together with the food clippings, the peritrophic membrane
is shed and discharged to the hindgu t .
Due to the contraction of the longitudinal muscle
and circular muscles, the epithelium of the midgut is highly
folded circularily. The' epithelial cells are appressed and
elongates slightly as a result of the contraction. The
goblet cells are flattened and are less distinct than they
were. The central vacuoles are strongly eosinophilic
(Fig. 34).
Regenerative cells become more conspicuous and
more in number. In most cases, the striated border is
no longer evident but the apical end of the epithelial
cells consist numerous nucleated or non-nucleated vesicles
(Fig. 34) which are probably the extrusions of the tall
cells.
As the regenerative cells grow larger, small
vacuoles enclosing a dark-green crystalline body are
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noticeable (Fig. 34 arrowed). At this time, although the
tall cells of the larval epithelium are appressed, distinction
is noticeable between the two types of tall cells.
At about 12 hours after the midgut has voided all
its contents, the number of regenerative cells is increased
as a result of cell division. The tall cells are highly
appressed and the extrusion of the tall cells becomes more
distinct (Fig. 35). Gradually, the regenerative cells
have enlarged further and now formed a continuous epithelium
of-columnar cells. The goblet cells and columnar cells
have extended as slender fingers and the cytoplasm of this
.
cell layer stains darkly with hematoxylin (Fig. 35).
Betore pupation takes place, the larval epithelium
is. sloughed to the lumen (Fig. 36). The sloughed, highly
folded epithelium stains heavily with hematoxylin in
comparison with the newly formed pupal epithelium. The
nuclei, however, are still evident as well as the larval
brush border (Fig. 36). The apical end of the columnar
epithelium of the newly pupated insect is irregular and
lacks a definite surface. Numerous vesicles are seen
in the lumen near the epithelium. These vesicles are
probably discharged by the columnar cells in the 'apocrine'
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way (Fig. 37). The cytoplasm of the columnar cells are
obviously granular, with an ovoid nucleus located at the
basal half of the cell (Fig. 37).
3. Pupal stages:
The outer lying muscular system persists intact
and is applied to the basement membrane closely. Beneath
the basement membrane, a cluster of new regenerative cells
are formed and are located between the base of the tall
cells. The shape, size and arrangement of the pupal
epithelial cells vary between specimens. The distinction
of the three subdivisions of the midgut as previously
described for the larval epithelium are no longer evident.
In most cases, the epithelium of the anterior portion of
the. pupal midgut and that of the posterior portion are
highly folded and the columnar cells are highly appressed.
However, in the. mid-portion, the epithelium is slender
and the cells are shorter (Fig. 37-38), and the cytoplasm
is granular in appearance. In Erionota, a brush border
is re-established along the apical surface of the epithelium.
This border, at first instance, is rather smooth, but as
the pupa reaches 50-hr, again, consists of numerous vesicles
extruding from the columnar cells (Fig. 39). All these
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vesicles are non-nucleated and is believed to be enzymatic
secretions responsible for the decomposition of the larval
midgut. As the pupa reaches 220-hr, the brush border restores
its fine appearance, no secretory vesicles are normally
noticeable (Fig. 40).
In Euploea, unlike that of Erionota, a fine, smooth
brush border is re-established shortly after pupation. No
distinct secretory vesicles at the apical surface of the
epithelium are normally noticeable until the pupa is 175-hr
old (Fig. 42). This brush border persists its vacuolated
condition throughout the remainder of the pupal life (Fig. 43)
but, however, restores a fine, smooth condition immediately
after adult ecdysis (Fig. 52). This agrees with the hardness
of the yellow body as described previously in p. 15.
During pupal stages, the columnar cells of the
pupal epithelium of the two-species are essentially similar.
In most cases, however, the nuclei are restricted at the
basal half of the cells in Erionota while that of Euploea
are located in the central (Fig. 39, 40, 42, 43).
4. Adult:
The midgut of both Erionota and Euploea becomes
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increasingly folded during the final stage of pupa-adult
transformation. In newly emerged adults, the midgut is
deeply folded. In Euploea, the columnar cells have ovoid
nuclei located at the basal half of cells (Fig. 44). The
epithelium is less folded in Erionota, and the' epithelial
cells are club-shaped with more or less elongated nuclei
located in the centre (Fig. 41). Regenerative cell are
found interspersed at the base of the tall cells. No
distinct secretory vesicles are noticeable in the midgut
lumen of the two species.
In newly emerged adult, no distinct peritrophic
membrane can be seen. However, in old adult of Euploea,
a distinct multi-layered peritrophic membrane is located
in the middle of the lumen (Fig. 44). It is a tubular
structure enclosing numerous granules.
This tubular peritrophic membrane is-believed
to be originated at the anterior midgut where the epithelium
meets the stomodeal valve (Waterhouse, 1953). No tubular
or any other type of peritrophic membrane is noticeable




1. Active feeding 5th instar larva:
The hindgut consists of three regions: the pylorus,
the ileum, and the rectum (Fig. 1).
a. Pylorus:
The pylorus is a funnel-shaped region leading
from the midgut to the ileum. The pylorus can be
subdivided into three regions, the posterior imaginal
ring,, the pyloric cone, and the pyloric valve
(Reinecke et al., 1973).
i. Posterior imaginal ring:
This ring marks the anterior end of the hindgut
(Fig. 45). . At the anterior region of this ring, an
epithelial protuberance is formed by a cluster of
columnar cells. Like other parts of the hindgut,
the pylorus is ectodermal originated, thus
consisting of intima-producing epithelium. The
epithelial cells of the ring produce two types
of intima.
The region, starting from the border between
posterior midgut and the pylorus to the anterior
half of the epithelial protuberance is covered
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with smooth intima while spiculated intima covers
the posterior half of the protuberance to the
pyloric cone (Fig. 45).
ii. Pyloric cone:
The pyloric cone is made up of squamous cells
lined with cuticular intima_ and-both circular and
longitudinal muscles (Fig. 45).
The more or less elongated epithelial cells
are arranged in a single layer. Each cell forms a
small 'lobe' extending to the pyloric lumen. A
thick intima lines the apical border of the epithelium
(Fig. 45).
iii. Pyloric valve:
Entering the pyloric valve, several longitudinal
protrusions are found occluding the lumen in the
posterior region of the pyloric cone when the valve is
constricted (Fig. 46).
The epithelial cells of the valve are larger
than that of the cone, and the cuticular intima is
also much thicker (Fig. 47). In the posterior
region of the pyloric valve prior to the ileum, the
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epithelial wall is composed of small, more or less
hexagonal cells with ovoid nuclei centrally located
The intima is about 20-25 F thick and contains
numerous spines, which are arranged in rows, around
the anterior end of the pyloric valve (Fig. 46).
The duct of the common Malpighian ampulla
exists in the anterior region of the pyloric valve,
This duct is a tube receiving products from the
common Malpighian ampulla which is the combination
of three Malpighian tubules.
Posterior to the common Malpighian ampulla
exit ducts the sphincter of the pyloric valve is
very muscular (Fig. 47). This sphincter is
composed of circular, anastomosing muscle bands.
Longitudinal muscle bands have also been found
attached on the outermost layer of circular muscles,
and are much smaller than the circular muscles.
b. Ileum:
Immediately leading from the pylorus is the ileum.
In Erionota, the ileum is an undifferentiated tube
connecting the pylorus and the rectum. The ileal
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wall, which is slightly convoluted, consists of more
or less ' squamous' cells with spherical nuclei (Fig. 48).
The intima lining the epithelium is not thick when
compared with that of Euploea_ (Fig. 48, 49).
No ileonodes (giant epithelial cells) have been
d
found in the ileum and therefore no 'thick' intima is
produced (Judy and Gilbert, 1970 Reinecke et al., 1973).
In Euploea, no distinct differentiation is noticeable
in the ileum and the colon (Fig. 50) except that in the
region immediately posterior to the pyloric valve. The
epithelial wall appears to be composed of large, squamous
cells with comparatively thick intima (Fig. 49).
c. Rectum: ,
The major components of the rectum are the rectal
valve and the rectal sac.
i. Rectal valve:
The rectal valve is actually the 2nd sphincter
of the hindgut. This valve is heavily muscled and
is responsible for the entry of faeces to the rectum.
ii. Rectal Sac:
The rectal sac is a sac-like organ which is
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located immediately posterior to the sclerotized
ring (Fig. 51).
Similar to other green-feeding Lepidopterous
larvae (Saini, 1964), the rectal sac of both Erionota
and Euploea consists of 'cryptonephric condition',
which means that the distal end of the Malpighian
tubules are closely applied to the rectum and
enclosed with it in a special arrangement (Ramsay,
1976). The so called 'rectal complex' refers to
the reassociation of the Malpighian tubules and
the rectum- (Fig. 1).
Like that of the rectum of Vanessa urticae
described by Henson (1937), the rectal complex of
the two species is composed of rectal epithelium
lining with cuticular intima and convoluted
Malpighian tubules (Fig. 52).
The anterior 6/8 of the rectal, sac consists
of only 'cryptonephric' epithelium while the
posterior 1/8 of the rectal sac contains both
cryptonephric epithelium and normal epithelium.
The 1/8 left is the anal duct which is composed
of normal epithelium only.
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The structure of the rectal complex may be
thought of as four cylinders, one with another, forming
three spaces (Reinecke et al., 1973). The anterior
end of these cylinders fuse with each other and insert
to the sclerotized ring.
The whole sac is invested by a thin circular
muscle sheet externally. After immediately entering
this muscle sheet and the outer perinephric membrane,
the rectal lead, which is a portion of the Malpighian
tubules leading from the iliac complex to the rectal
sac, forms a dilation that is called the outer
tubule (Fig. 52). The chamber containing outer
tubules is called the outer space. The outer
tubule penetrates two thin membranes and the empty
medial space it then enters the inner space to
form the inner tubule which. is highly convoluted
(Fic. 52).
Tracheae are found abundantly located among
the inner tubules and are derived from 2 large
tracheae entering the rectal sac ventro-laterally
on the posterior half.
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Transverse sections through the posterior
part of the rectal sac reveal that there are two
distinct parts of the epithelium. The cryptonephric
epithelium is reassociated with tubules while the
non-cryptonephric epithelium is of normal appearance
(Fig. 53) this is to say that the cryptonephric
epithelium, unlike the anterior region of the
rectal sac where the entire epithelium is in a
cryptonephric condition, is restricted to three
areas and is interrupted by normal epithelium
(Fig. 53) .
In the cryptonephric condition, cuticular
intima is detached from the epithelium forming a
subcuticular space. Furthermore, on the epithelium
is the perinephric space which is composed of three
space-separated by the outer, and two inner
membranes (Fig. 52).
In the normal condition, the cuticular intima
adheres to the epithelium, and no perinephric space
is formed on the other side of the epithelium.
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At the posterior region of the rectal sac near
the anus, the entire epithelium is of 'normal'
condition, no cryptonephric condition is noticeable
here. This region is, therefore, called the anal
duct. However, its epithelium is composed of
aquamous cells with thick intima.
The anus is the opening of the rear end of the
rectum marking the terminus of the alimentary canal.
The anus is very muscular this enables it to control
the egestion of faecal pellets at more or less regular
intervals.
2. Prepupal stage:
It is not surprising to find that the histological
changes of the hindgut during prepupal stage are essentially
similar to that of the foregut since both the foregut and
hindgut are ectodermal originated. -
The initial changes of the hindgut are noticeable
after the defaecation of the larva. In general, the hindgut
undergoes only condensation of cells before pupation takes
place. As a result, the hindgut becomes reduced in length and
diameter. -As stated previously, most of the epithelial cells
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that composed the hindgut are either cuboidal or squamous.
Some of these cells, such as the cells of the pyloric cone
which were slightly elongated and were loosely packed, are
condensed particularly and appressed closely (Fig. 54).
The characteristics of the cells of the various
regions of the larval hindgut are no longer evident. All
the cells of the hindgut have become more or less cuboidal
with large ovoid nuclei which stain darkly with hematoxylin
Not only the shape of the cells of the epithelium, but also
the size are uniformed. The hindgut gradually becomes a
simple straight tube surrounded by numerous compressed
muscle bands which show no signs of degeneration so far.
At this time, most of the muscles begin to lose their
striation but the sarcolemma remains intact.
The cryptonephric condition of the hindgut persists
throughout the larval life. However, the epithelial cells
of the rectum becomes cuboidal in shape, and the intima
is' detached from the cells.
3. Pupal stages:
a. Anterior hindgut:
The posterior imaginal ring of the hindgut is
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essentially similar to the anterior imaginal ring of
the foregut except that the former forms a protuberance
(Fig. 45) ' instead of a valve. However, the fate of the
posterior imaginal ring is different from that of the
anterior imaginal ring the former plays so little in
the reconstruction of the adult gut that it forms only
the 'tissue plug' (Gray, 1931) (Fig. 54, 55) which
poorly serves as a pyloric valve in the pupa with no
apparent function. The tissue plug is a dense cluster
of cells with small ovoid nuclei derived from the
junction cells between the midgut and the hindgut
(Fig. 54-57).
During the early pupal stage after pupation, the
pylorus is withdrawn gradually from the hindgut forming
a mass of tissues (Fig. 64) occluding the anterior end
Df the hindgut. In a 30-hr-pupa, the posterior imaginal
ring begins to form the posterior tissue plug similar
to that of the foregut. As a result of the. withdrawal
of the pyloric cone to the posterior midgut, the
pyloric valve is now situated immediately behind the
midgut posterior to the insertion of the Malpighian
ampulla exit ducts. Darkly staining globular bodies
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are found among the epithelial cells or the larval pyloric
valve and extend to the larval ileal epithelium and their
surrounding tissues. This is the beginning of the
degeneration of the surrounding muscles (Fig. 55).
As the break down of the larval muscles continues
in the 30-hr to 50-hr pupa, the sarcolemma becomes
indistinct, and a large amount of haemocytes and
spherules (Fig. 68) are found interspersed among the
disintegrating muscles.
Af ter pupation has completed, the larval intima
that lines the epithelial wall becomes detached gradually.
By the time of 40-hr of ter pupation, the intima is
sloughed to the lumen. After the elongation of the
ileum, most of the intima congregates at the anterior
end of the hindgut and seals the pyloric lumen (Fig. 56).
In a 50-hr-pupa, numerous darkly staining globular
bodies are found at the anterior portion of the hindgut.
The outerlying muscles are no longer distinct but form
the diffuse tissue which extrudes into the haemocoel
(Fig. 55). However, the larval pyloric cone is no
longer noticeable except a large amount of darkly
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staining globular bodies. It is highly probable that,
similar to the corresponding R4 R5 of the anterior
imaginal ring, the larval pyloric cone is degenerated
during the early pupal stage.
With the degeneration of muscles, the ileal
epithelium elongates rapidly by means of cell division
(Fib. 58). Numerous mitotic figures are found along
the ileal epithelium. This reveals that the pupal
hindgut lacks. a division centre, but. the entire ileum
is responsible for the reconstruction of the adult
ileum. However, at this time, the ileum is composed
of columnar or cuboidal cells. As cell division
proceeds further, the epithelial cells become cuboidal
with large, centrally located nuclei (Fig. 58).
Ina 80-hr-pupa of Erionota, cross sections
reveal that the ileal lumen has reopened and the ileal
wall is more or less hexagonal and is composed of
closely packed columnar cells. The circular muscles
are intimately adhered to the epithelium. By the time
the pupa is 240-hr old, the ileal wall consists of
more or less squamous cells with thick intima (Fig. 61).
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At this time, the ileum is longitudinally folded forming
six to eight longitudinal grooves protruding to the
lumen. However, six attach-points for the longitudinal
muscles are noticeable (Fig. 61).
In contrast, the ileum of Euploea is much folded
into the lumen irregularily as a result of the high mitotic
activity. The infolding is much pronounced as the pupa
reaches an age of 200-hr (Fig. 60). The epithelial
cells congregate and form clusters of cells along the
length of the ileum. This is probably due to the
limitation of space in the compressed abdomen of the
pupa of Euploea. However, this could be thought of
that the infolding of the ileal wall is the way to
increase the_ surface area for some specific purposes,
say, reabsorption of water. In addition, the
Malpighian tubules are closely adhered to the highly
folded ileal wall.
Prior to the adult emergence, the lumen of the
ileum is opened wide to receive the meconium voided
from.the midgut. As a result, the ileal wall is less,
but irregularily, folded. This. is particularly true
75
in the anterior ileum posterior to the insertion or the
common Malpighian ampulla exis duct, the diameter of
the lumen has increased 2-3 fold.
b . Rectum:
The rectum, during larva-pupa transformation, is
reduced to a tubular chamber. The anterior portion of the
rectum is simply an oval ring of cuboidal cells with the
old larval intima occluding the lumen. In the transverse
section of the posterior region, the lumen is compressed
to form three longitudinal folds that appear as diverticula
(Fig. 65).
The intima is sloughed to the lumen, the subcuticular
space as well as other spaces of the larval cryptonephric
system are no longer evident (Fig. 62). The rectal epithelium
is composed of a simple layer of cuboidal cells. , In many
of these cells, the nuclei are spherical while in others
are slightly elongated as a result of the condensation.
Spherical vesicles or spherules, which stain darkly
with hematoxylin, are found among the epithelial cells of
the rectum in a 30-hr-pupa. Apparently, spherules are
most abundant as the pupa reaches 45-hr of age (Fig. 68).
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At this time, the degeneration of the outerlying muscles
has been almost completed. The lumen of the rectum is
now reopened. The epithelium is made up of columnar
cells with large nuclei located in the central (Fig. 69).
The rectum is swollen as a slender ballon known as the
rectal proper. The rectum is free from the cryptonephric
system, and the reassociation with Malpighian tubules
is terminated.
Shortly after the reopening of the lumen and the
completion of deassociation of the cryptonephric system
at 45-hr, the anterior dorsal portion of the rectum
projects forward to form the rectal caecum as a result
of mitotic divisions.
The number of the epithelial cells of the rectal
proper has also been increased apparently. Mitotic
figures are most abundant in the epithelium of the third
day pupa (Fig. 69). As result of the rapid division, the
epithelial cells becomes smaller with large ovoid nuclei
located at the basal half of the cell.
Groups of paired large cells are found interrupting
the general epithelial cell. These cells will ultimately
77
form the cortex of the rectal pad. By the time the pupa
is 150-hr-old, each developing cortical cell projects a
portion of cytoplasm into the lumen (Fig. 70). The
paired cortical cells are packed closely so as to form
a more or less spherical unit. The cytoplasmic projection
of these cells are also ovoid in shape and is separated
by the cell membrane along the mid-line of the two cells
(Fig. 70). In some cases, this group is composed of
three cortical cells (Fig. 71).
With the development of the cortical cells, the
radial cells or the cells adjacent.to the cortical cells
undergo a few alterations. Firstly, these cells elongate
and, secondly, they curve against the developing cortical
cells so as to cover the basal part of the cells. These
cells contain slightly flattened nuclei. The cytoplasm
of the developing cortical cells stain deeply with
hematoxylin. All these cells are intimately packed
and are adhering to the basement membrane closely. At
this time, a thin intima is noticeable on the lumen
surface of the epiehtlium.
By the 180-hr after pupation, the epithelium other
than* the developing pad (known as the general epithelium)
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is further reduced to a thin layer of cuboidal cells
with distinct muscle bands running along its surface.
The developing pad unit has grown larger and projected
into the lumen distinctly (Fig. 72). The nuclei of
the cortical cells flatten and migrate to the centre
of the cells. The apical surface of the cells is
domed. The lateral radial cells are also flattened
and are intimately packed. There are about six to
seven layers of these cells on each side, and they
surround the cortical cells. The inner layers are
actually embedded into the lateral margin of the
cortical cells. Junction cells are noticeable in
connecting the radial cell and the general epithelium
(Fig. 72).
Beneath each of the cortical cell, a space or
cavity is formed and is known as the infundibulum..
A cluster of very small spherical cells, the medulla,
are located between the infundibula just beneath the
thin muscularis. The apical surface of the dome of
the cortical cells is lined with a thin intima where
materials stained darkly with hematoxylin are normally
accumulated (Fig. 72).
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In a 220-hr-pupa, the nuclei of the developing
cortical unit migrate to the apical end of the cells
and extend to the lateral margin (Fig. 73 74, 75).
The medulla has increased cell numbers and these
occupy the basal portion of the pad. As a result
of these alterations, the developing pad is no longer
dome-shaped. The cortex is flattened with the nucleus
located immediately beneath the, apical margin. The
cell membrane separating the two cortical cells is
no longer evident.. Between the nucleus and the
lateral lying radial cells, an. area of light-
.staining cytoplasm is normally present. In some
cases, the absence of an infundibular space between
the cortical cells and the medullary cells is
noticeable.
When the rectal pads have fully developed, they
persist intact throughout the pupal life. No remarkable
alterations are found between the late pupa. and the
adult. However, in many cases, spaces are found between
the apical surface of the cortex and the outerlying
intima (Fig. 74).
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The general epithelium can be highly condensed.
When unfolded, the epithelium is composed of a single
layer of cuboidal or squamous cells with dome-shaped
apical surface which is lined with a thin intima (Fig.
The epithelial wall of the rectal caecum is said
to be identical to that of the general epithelium of the
rectal proper (Judy and Gilbert, 1970). Before receiving
meconium from the midgut, the epithelial wall of the
rectal caecum is highly folded and the epithelial cells
are intimately packed together. The cells elongate
and are narrow with their nuclei located normally in
the apical half of the cell (Fig. 67). This is
particularly true in the case of Erionota, in which
.the rectal caecum will expand 3 fold and project to
the anterior abdomen when the rectum is filled with
meconium from the midgut. Unidentified vacuoles
containing numerous spherical bodies are found located
at the luminal end of the cell.
4. Adult
Once the rectal pad has developed in the pre-
emergence stage, the structure persists throughout the
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remainder of the life of the insect. No turtrier cnanges
are noticeable in the adult.
DISCUSSION
The larva-pupa-adult transformation of the alimentary
canal during metamorphosis of Erionotd and Euploea is, in
general, similar to those of Homaledra sabalella (Gray, 1931)
and Hyalophora cecropia (Judy and Gilbert, 1969, 1970). However
in Erionota and Euploea, except in cold winter, no diapause
intervenes the pupal stage so that the larva-pupa and pupa-
ni1 t transformation is a continuous process.
For the purposes of discussion, the foregut, midgut,
and hindgut will be considered separately.
I. FOREGUT:
The foregut of the fifth instar larva is only a
straight tube with no diverticulum or protuberance. It is
designed to function in the ingestion and temporary storage
of food. Apart from the secretion of digestive enzymes by
the paired salivary glands and the trituration of food by
the paired mandibles, no other physical nor chemical digestion
82
takes place in the foregut . This agrees with the findings
of Lim and Teo (1971) in the digestive enzymes of Agrotis
ypsilon, in which no digestive enzymes are normally present
in the f o r egu t .
Judy and Gilbert (1970) have suggested that the
cuticular spines of the buccal cavity and pharynx in Hyalophora
cecropiaare designed to grip food panicles and direct
them posteriorly to the midgut. This function is also
obvious in the case of Erionota and Euploea. Moreover,
these cuticular spines prevent the regurgitation of ingested
food. These spines are sloughed to the lumen together with
the intima during metamorphosis. The old intima of the
foregut disappeared in a 200-hr-pupa. It is believed
(Romoser and Venard, 1967) that the old intima is reabsorbed
and resecreted by the epithelial cells to form the new one.
However, no cuticular spines are found on the new int ima .
This indicates that the spines are no longer needed in
the nectar-feeding adult.
The larval crop apparently serves as a reservoir
to store the ingested food temporarily. This enables the
larva to feed continuously. Observation on the ingested
food clippings and the faecal pellets in the hindgut reveals
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that the larva is able to digest only 1/3 to 1/2 of the
ingested food.
The larval oesophageal invagination is unlikely
suited the function of preventing regurgitation of food
from the midgut to the foregut. Instead, it serves to
e
ensure food entering the peritrophic membrane, so as to
protect the midgut from abrasion as suggested by
Wigglesworth (1972).
The reduction of the diameter of the foregut
during metamorphosis is probably an adaptation to the
alteration of the mode of feeding. The mouthparts of
the insect have changed completely from the chewing type
of the larva to the sucking type of the adult. The
narrow foregut forms a continuous capillary of the siphon,
so that the sucking up of liquids is much easier with
the help of capillarity.
During the progress of adult development, the
posterior foregut undergoes a series of alterations although
the anterior foregut remains reduced. The major alterations
are the development of the adult crop, the proventriculus
and the adult oesophageal invagination. These adult organs
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are derived from the posterior part of the foregut -- the
anterior imaginal ring.
As Kathuria (19 72) have said: "The findings on the
metamorphosis of the foregut in insects are contradictory."
Deegener (1908) in Malacosoma castransis, Bordas (1911) in
various Lepidopterous larvae and Hufnagel (1918) identified
the region intervening the oesophageal invagination and the
midgut as a regenerative region. Perez (1910) in Calliphora,
recognized the presence of this region and showed that the
adult crop is derived here. He, however, doubted whether
this region played any part in the metamorphosis of
Lepidoptera. Gray (1931) in Homaledra termed this region
as the histoblastic disc and claimed that the larval
foregut degenerates during metamorphosis and is replaced
by the proliferation of this disc. Henson (1931) in
Vanessa urticae stated that the anterior imaginal ring
plays so little in the metamorphosis. However, in 1946,
he revised his earlier opinion and said that "the behaviour
of the ring at metamorphosis is most diverse".
Romoser and Venard (1967) in Aedes triseriatus,
Bahadur and Kathuria (1971) and Kathuria (1972), in Papilio
aristolochiae, showed that the three adult organs are
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derived from the second region of the oesophageal invagination.
Although region 4 and region 5 develop to form two dorsal
diverticula in Aedes triseriatus (Romoser and Venard, 1967),
no such diverticula are noticeable in Lepidoptera. Moreover,
region 4 and region 5 will ultimately degenerate. This is
also true in Erionota and Euploea in which no degeneration
of the toregut occurs except region 4 and region 5 of the
oesophageal invagination. Verson (1905) in Bombyx mori,
and Deegener (1908) in Malocosoma, have arrived the same
conclusion stating that no replacement of cells are
noticeable in the foregut during metamorphosis but
condensation and rearrangement of cells.
The function of the adult crop is obscure since
the crop is fully filled with -air. However, the function
if the crop is apparently not digestive. It has been
suggested that the inflation of air to the crop is an
assistance in insect moulting or adult ecdysis in
Lepidoptera (Stober 1927, Wigglesworth 1972). Judy and
Gilbert (1969), in Hyalophora•cecropia, believed that
the crop provides a compensatory mechanism for maintaining
haemocoel volume during the wing expansion shortly after
adult ecdysis. These findings, however, are contradictory.
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In the present study, specimens of various stages
after adult ecdysis were dissected to see the relationship
between the inflation of the crop and expansion of wings.
These dissections show that the crop of an adult immeiately
after ecdysis is uninflated. In a 20-min-adult, the crop
is 1/3 to 1/2 inflated whilst the wings are half way expanded.
As expected, the wings of the adult, at about 40 minutes
after emergence, are fully expanded and the crop is now
fully inflated. Dissections of old adults repeatedly
show the crop is fully expanded,.but the air volume varies
from one another.
Conclusively, this finding supports Judy and
Gilbert's (1969) proposed function for the crop which is
a compensatory mechanism for maintaining haemocoel volume
during the expansion of the wings. In addition, the
inflated crop may provide an assistance, similar to the
gut of adult mayfly, for aerostatic purposes (Pickles,
1931 Grandi, 1950) since the air volume found in flying
adults varies from one another.
The proventriculus is a small tube which
intervenes between the adult crop, the anterior foregut
and the midgut. It is surrounded by a thick mass of
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muscules and fats during adult development. The proventriculuE
serves as a true cardiac sphincter to regulate the passage
of food materials to the midgut as Snodgrass (1935) suggested.
If the proposed additional function for the adult crop is
correct, then the proventriculus may function like the
epiglottis of mammals. Presumably, during the inhalation
of air, the proventriculus contracts and occludes the
lumen that leads to the midgut. In other words, the
function of the proventriculus is to prevent the entry of
air to the midgut.
Most of the adults of Lepidoptera are nectar
Feeders. In many cases, such as Hyalophora cecropia (Judy
and Gilbert, 1969) and Eriogyna pyretorum (Fung, unpublished
observation), adults never feed at all. The function of
the oesophageal invagination is, therefore, clearly not
as that of the larva. Perhaps the major function of the
adult oesophageal invagination is, similar to that of
the proventriculus, to prevent the entry of air to the
midgut.
II. MIDGUT:
The midgut is generally regarded as the digestive
and absorptive chamber of the entire alimentary canal. It
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has been shown by Cheung (1966) that, in the larvae of rice
stem borers, the anterior and middle portions of the midgut
mainly deal with enzymatic hydrolysis of foodstuffs, and
the posterior zone absorbs the digested food. However,
the functional differentiation of the midgut is not
immediately obvious by observing the histology only.
The epithelial wall is made up of 2 types of tall
cells and the wedge-like regenerative cells. The tall cells
are believed to be responsible for digestion and absorption.
Vesicles are normally found within the space between the
epithelium and the peritrophic membrane. The question
remains unanswered is that whether these vesicles are
secretory products or degenerative cytoplasm extruded from
the- epithelium. *However, the number of these vesicles
becomes increased when the larva reaches the prepupal stage.
The midgut epithelium undergoes the most drastic
changes of the gut during metamorphosis. The tall cells
of the larval epithelium are completely replaced by the
larval regenerative cells which develop to form the
columnar epithelium of the pupa. Judy and Gilbert (1970)
regarded the pupal midgut as no longer a digestive organ
but serves as a storage organ for the yellow body. However,
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the function of the pupal and adult midgut, at least in
Erionota and Euploea, is apparently digestive. The yellow
body in the pupal midgut is broken down gradually and
presumably absorbed and reused by the pupa for reconstruction.
The remnants of the yellow body is discharged to the' hindgut
after the completion of the reorganization of the hindgut
and is later egested after emergence.
The adult midgut is also digestive. However, the
midgut is composed of columnar cells and adult regenerative
cells. No goblet cells are noticeable. In the newly emerged
adult of Euploea, the nuclei of the epithelial cells are
located in the basal halves of the cells. In an old adult,
the nucleus tends to migrate to the luminal half of the
cell and, at more or less the same time, the columnar cell
has become club-shaped. In Erionota, although the columnar
cells have altered to club-shaped, the nuclei remain located
in the basal halves of the cells.
The peritophic membrane is an universal structure
for all Lepidopterous larvae (Wigglesworth, 1972). The
membrane is no doubt functioning in protecting the midgut
epithelium from abrasion by hard fragments in the food.
The membrane found enveloping all the food contents of the
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midgut is obviously of delamination type (Waterhouse, 1953
Smith, 1968 Wigglesworth, 1972 Richards and Richards, 1977).
The presence of peritrophic membrane in the larval midgut
is undoubtedly an adaptation.
The peritrophic membrane is not an universal
structure for all Lepidopterous adults. In Erionota, no
peritrophic membrane has been found in any adult specimen.
In contrast to this, a thin tubular peritrophic membrane
is found running from the region between the oesophageal
invagination and the anterior end of the midgut to the
posterior midgut of a newly emerged adult of Euploea.
In an old adult, the membrane is produced by a ring of
cells at the anterior end of the midgut as suggested by
Waterhouse (1953), Wigglesworth (1972), and Richards and
Richards (1977). However, the function of the peritrophic
membrane in the adult is obscure. It is curious to find
that no peritrophic membrane is present in the adult Erionota.
This is supported by the works of Waterhouse (1953). He
suggested that adult butterflies of Hesperiidae have lost
their peritrophic membrane during evolution.
III. HINDGUT:
Situated immediately posterior to the midgut is
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the posterior imaginal ring which is composed of small
cuboidal cells. However, unlike the anterior imaginal
ring, this ring plays very little part during metamorphosis
No distinct structures are formed from this ring. The
epithelial protuberance is a structure corresponding to
the oesophageal invagination of the foregut. On the
posterior half of this protuberance, spicular intima are
produced. Cuticular spines are also found at the posterior
part of the pyloric valve and are arranged in rows. It is
difficult to suggest any function for these curious
structures. Owing to their tiny size and the presence
of sphincter, it seems most unlikely that they prevent
regurgitation from the ileum nor grip food and direct them
posteriorly. Hypothetically, these spines and the
protuberance are vestigitial structures which lost their
function in the progress of evolution.
During the pupal stage, "tissue plugs" are found
located at the entry as well as the exit of the midgut.
Gray (1931) recognized the presence of this structure in
the pupa of Homatedra and called it "tissue plug". However
no proposed function has been given. Actually, it is a
cluster of cells which appear a few days after pupation
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and disappear before emergence. Because of their small
size and their weak appearance, these tissue plugs, although
situated at both margins of the midgut like valves, have
no known function. Besides, the entry and exit of the
midgut during most of the time of the pupal stage have
already sealed by the old intima sloughed off from the
foregut and hindgut respectively.
The pyloric valve and the rectal valve are very
muscular. They are well adapted to serve as sphincters
which seal the ileum as a closed chamber for the formation
of faeces as suggested by Reinecke et al., (1973) in
Manduca sexta.
In some other Lepidopterous larvae, such as in
Heliothis (Chauthani and Callahan, 1967 Chi et al. , 1975),
protuberances are found in the hindgut, but in the larvae
of Erionota and Euploea, no protuberance or diverticulum
is noticeable. Drecktrah et al., (1966) have reported that
the middle portion of the hindgut of Ostrinia nubilalis
is only an undifferentiated tube. On the other hand, such
portion in the hindgut of Hyalophora cecropia (Judy and
Gilbert, 1969) and Manduca sexta (Reinecke et al., 1973)
is well differentiated into the distinct ileum and colon.
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In Erionota and Euploea, however, the demarcation of the
ileum and colon is obscure and the epithelium is undif-
ferentiated.
It is almost universal among Lepidopterous larvae,
with the exception of "aquatic larvae" such as Chilo (Cheung,
1966), that the terminal portion of the Malpighian tubules
are intimately applied to the wall of the rectum forming
the cryptonephridial system (Saini, 1964). The cryptonephridial
system of Erionota and Euploea agrees with the descriptions of
Henson (1937), Drecktrah et al.,(1.966) , Judy and Gilbert (1969),
and Reinecke et al., (1973). According to the statement of
Saini (1964) for other Lepidoptera, the larvae of Erionota
and Euploea can be classified as "green feeding form".
Chauthani and Callahan (1967) have reported that rectal pads
are present in Heliothis larvae, but in the larva of Erionota
and Euploea, they are absent from the hindgut. Wigglesworth
(1972) and Ramsay (1976) have suggested that the cryptonephridial
system of the rectum plays an important part in the process.of
water reabsorption.
Similar to the foregut, the pupal and adult hindgut
plays an important role in adult physiology. During adult
development, a series of drastic changes are noticeable in
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the hindgut. These include the development of the long, folded,
unspecified ileum the association of the Malpighian tubules
to the ileum the degeneration of the larval rectal complex
and the formation of the adult rectal pouch as well as the
rectal pads.
During the early stage of pupal development, large
quantity of wastes are produced as a result of degeneration
)f various tissues. Wastes are collected by the Malpighian
tubules and are later discharged into the hindgut. It is
obvious that water recirculation through the cryptonephridial
system is most necessary especially when the pupa has to
withstand dessiccation. The reabsorption of water is believed
to be ' carried out by the rectal glands or rectal pads
(Wigglesworth, 1932, 1972).
Judy and Gilbert (1970) reported that the structure
of the rectal pads of the adults of Antheraea polyphenus,
Samia cynthis, and Hyalophora cecropia (all are Saturniidae
and do not feed) and identical 'to that of the' nectar-feeding
adult of Manduca sexta of Sphingidae. Moreover, the structure
of the rectal pads of Erionota and Euploea are essentially
the same as those mentioned.. However. it is not surprising
to find that the rectal pads are identical in fluid feeding
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species and those that do not feed at all. The rectal pads
in both types of adults are functional.
In the fasting imago, the reabsorption of water is
most necessary in order to maintain water conservation in
the body, since there is no further water intake. On the
other hand, in the fluid feeder, although water supply is
presumably adequate, relatively high quantity of metabolic
wastes is produced at the same time the need of water
conservation may still be necessary.
In addition, the Malpighian tubules are in some
cases adhered to the ileum intimately this may be considered
as that water can be reabsorbed through the ileal wall to
the Malpighian tubules before reaching the rectal Dads.
It is interesting to find that the ileal wall of
Erionota is rather smoother than that of Euploea, which is
highly folded. Moreover, the Malpighian tubules of the
former attach to the ileal walls loosely while' that of the
later intimately adhere to the ileal wall in a ziz-zag
manner. These differences are most unlikely individual
variations but seemingly an adaptation to the flying
behaviour of the adult.
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Euploea is a typical representative of Danainae
(Family Nymphalidae). It is a sun-lover, flying and gliding
around flowers and trees all day long. In contrast, Erionota,
although a swift flyer, spent most of the time resting on the
underside of banana leaf. It flies, when being disturbed,
only for short distances around banana cultivation. It is
obvious that Euploea is more active than Erionota and
that the quantity of metabolic wastes is comparatively
higher. The need of water for excretion is most necessary
and the highly folded ileal wall-and the closely associated
Malpighian tubules may be designed' to meet the need.
When the pupa reaches the pre-emergence stage,
\the midgut empties its contents to the hindgut. The
rectum will then serve as a storage chamber temporarily
for the accumulation of excreta.
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Key for abbreviations used in Fig. 8 to Fig. 75
A : anterior region of the imaginal ring
amg anterior midgut
ai : anterior imaginal ring
c : columnar cell
cc : central cavity
cd common Malpighian ampulla exit duct
ce : cryptonephric epithelium of the rectal sac
ci : cuticular intima
cm : circular muscle
ems : circular muscle sheet
cn : nucleus of columnar cell
cp : cytoplasmic projection
cr . : crop
csm : circular sphincter muscle bands
ct. cortical cells
dcr : developing adult crop








g. : goblet cells
.gb : gobular body
ge : general epithelium




ip : inner perinephric membrane
is : inner perinephric space
it inner tubules of the rectal sac
j : junction cells
lm : longitudinal muscle
lp : larval pylorus
lu : lumen
m : muscle
me : medulla cell
mf : mitotic f igure
mg midgut
ms medial space
mt : Malpighian tubules
n : nucleus
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ne : normal epithelium
oe : oesophagus
of : oesophageal invagination
op : outer perinephric membrane
os : outer perinephric space
of : outer tubules
P : posterior region of the imaginal ring
pc : pyloric cone
ph : pharynx
pi : posterior imaginal ring
pm : peritrophic membrane
pmg : posterior midgut
pr : pupal regenerative cells
ps : perinephric space
pt : protuberance of the.pyloric cone
pv : proventriculus
R1-R5 : The five regions of the oesophageal invagination
ra : radial cell
rc : rectal caecum
rd : rectal duct
re rectum
rf : reflection of the anterior region over posterior
region of imaginal ring
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rg : regenerative cell
rp : rectal pad
rs : rectal sac
rv : rectal valve
s : spines
sb : striated border
sm : sphincter muscle
smi : smooth intima
sph : spherules
spi : spiculated.intima
spr : spiculated intima ring cell
sr : sclerotized ring
ss : subcuti-cular space
t : trachea
tp : tissue plug
ve : vesicles - nucleated or non-nucleated cytoplasm
extruded from the epithelial cells
yb : yellow body
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Fig. 8 Transverse section of the pharynx of an active
feeding 5th ins tar larva (Euploea) . Note the
folded, spiculated epithelium and the strong
circular muscle bands (200x).
Fig. 9 Transverse section of the anterior oesophagus of
the 5th instar larva of Euploes. Note the thick











10 Longitudinal section of the pharynx of a 0-hr-
Fig.
pupa of Erionota, showing the strong dilator
muscle bands. Note the condensed epithelium
(400x).
11 Transverse section of the oesophagus of a 24-hr-
Fig
pupa of Eu loea, showing the condensation of the
epithelium. Note the epithelium is highly folded







Fig. 12 Longitudinal section of the anterior toregut of
a 35-hr-pupa (Erionota). Note the epithelia.
cel'IS are more or less cuboidal. The dmarcation
of various regions of the larval f or egut is no
longer o vious200x) .
Fig. 13 Transverse section of the oesophagus of a 45-hr-
+,
pupa (Eriono La) , showing the reduced epithelium
which is now composed of cuboidal cells., Tote
the darkly staining globular.,bodies (arrowed)
which indicate the degeneraiin of the outer-
lying muscles (400x) .
Fig. 14. Transverse section of the anterior foregut of
a 150-hr-pupa (trionota),o showing the epithelium
and the old intima. Note the epithelium is composed
Y. .I3
of squamous cells. The epithelium persists this








Fig. 15 A series of diagrammatic representations UL L11C
development of the posterior foregut of Erionota.
a) The oesophageal invag:_nation of an active teeding
5th ins tar larva, showing the 5 regions of the
invagination (see Fig. 16) .
b) 24-hr prior to pupal ecdysis. Note the valves are
withdrawn from the anterior midgut. and are situated
at the entry of the midgut. The crop walls are
highly folded.
c) 0-hr-pupa. Showing the condensation of the foregut
and the alignment of the oesophageal invagination.
Note the presence of tissue plug.
d) 35-hr-pupa. Showing the completion of the alignment
of the oesophageal invagination. Note the number
of the cells of Region 2 has increased Region 4































e) 80-hr-pupa. Showing the developing adult crop
which is derived from Region 2 .
f) 100-hr-pupa. Showing the anterior 1/2 of the
anterior imaginal ring (A) left after the
formation of the adult crop. This becomes folded
upon the anterior margin of the posterior region (P)
g) 260-hr-pupa. Showing the reflection of the anterior
region (rf) which had covered the posterior region(P).
Note the large squamous cells with long cytoplasmic
projections (cp).
h) Adult. Showing the formation of the proventriculus


























Fig. 16 Longitudinal section,of, the larval oesophageal
invagination at..-48 hours prior to pupal ecdysis
(Erionota). Note Region 1 to Region 5 and their
thick intima (80x).
Fig. 17 Longitudinal section of the oesophageal invagina.tion
in a 35-hr-pupa (Erionota), showing the condensation
of the o es.ophag eal invagina tion . Note the presence




Fig. 18 Longitudinal section of the posterior foregut of
a 220-hr-pupa(rionota), showing the folding of
the anterior region over the posterior region.
Note the f latted epithelial cells of the anterior
region (A) and the ilosely appressed columnar
ells of the poiterior region (200x).
Fig. 19. Longitudinal section of the posterior foregut of
the adult of Erionota, showing the proventriculus
and the adultOesophageal invagination. Note
the adult oesophageal nvagination is formed by
fol4ing the double-layered wall of the posterior






Fig. 20 Longitudinal section of the posterior foregut
of a 24-hr-pupa (Euploea), showing the completion
of the alignment of the oesophageal invagination.
Note the number of cells of Region 2 has increased
(80x).
Fig. 21 Transverse section of Region 2 of the anterior
imaginal ring of a 30-hr-pupa Euploea) , showing
mitotic figures of Region 2 (800x).
21ngitudinal section of the posterior foregut of
a 35-hr-pupa (Euploea), showing the primary
development of the adult crop. Note the globular
bodies Mich indicate the degeneration of Regions







Fig. 23 Transverse section of the double-layered posterior
region and.the outer folded anterior region of a
220-hr-pupa (Euploea), showing the flattened epithelial
cells of the double-layered posterior region. Note
the cells of the reflection of the anterior region
remain cuboidal or squamous (200x).
Fig. 24 Same as above. High magnification of the rectangular






Fig. 25 Longitud4al section of the posterior toregu
of a 240-hr-pupa (Euploea), showing the deep
reflection of the anterior region (80x).
Fig. 26 Longitudinal section of the posterior foregut of
a newly emerged adult (Euploea), showing the
proventriculus and adult oesophageal
invagination. Note the adult oesophageal
invagination is formed by folding the double-
layered all of the posterior region posteriorly
into the midgut (80x).
Fig. 27 Longitudinal section- of the posterior foregut of
an old adult (Euploea) showing the formation of
eritroPhic membrane (arrowed). Note the
peritrophic membrane is originated from a row of







Fig. 28 Transverse section of the adult crop of Erionota,
showing the cytoplasmic projections of the large
aquamous cells which are situated at the entrance
of the crop (800x).
Fig. 29 Transverse section' of the adult crop of Erionota,







Fig. 30 Transverse section of the anterior midget of an
active feeding 5th instar larva (Euploea) , showing
the columnar ce11s are the goblet cells. Note
the fine striated border on the luminal surface
(600x)
Fig. 31, Transverse section of the anterior midgut of an
active feeding 5th instar larva (Euploea), showing
the delamination of the midget. As a result,










Fig. 32 Transverse section of the mid-midgut of an active
feeding 5th instar larva (Euploea). Note the
nuclei of column,cells are slightly flattened
and are centrally located (400x).
nc
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Fig. 33 Longitudinal section of the posterior midgut of
and active feeding 5th instar larva (Euploea),









Fig. 34 Longitudinal section of the anterior midgut of a
mature larva (Erionota) at 24 hours prior to
pupal ecdysis, showing the primary metamorphic
changes of the midget. Note the crystalline
inclusions (arrowed) in the egenerative cells
and the extrusion of klegenerative vesicles from
9V the tall cells (800x).
Fig. 35 Transverse section of the mid midgu t of a mature
larva (Erion.ota) at 12 hours prior to pupal ecdysis





Fig. 36 Transverse section of'the anterior midgut of a
mature 'larva (Erionota) at a' few rhours prior to
pupal ecdysis, showing 'tl s re laceinent of the
by' :'he 'pu al epithelium.la:val.. epithelium'
?eke the .folded larval epithelium or the yellow
body which i,s' s toughed to the 'lumei . The larval
striated border is still evident. farrowed) (200x)
Fig. 37 Longitudinal section of the midmidgut of a
0hrpupa (Erionota), showing the extrusion





Fig. 38 Longitudinal section of the mid-midgut of a
45-hr-pupa '(Erionota), showing the pupal
regenerative cell (400X).
Fig. 39 Longitudinal secticn of the midgut of a 150-hr-
pupa (Erionota),showing the elongated columnar





Fig. 40 Longitudinal section of the miagut o a 44V L11
pupa (Erionota) , showing the highly folded
epithelium (400x).
Fig. 41 Transverse-section of the adult midget of Erionota.
Tcte the epithelial cells become club-shaped.. The




Fig. 42 Transverse section of the midgut of a 105-hr-
pupa ( i iongt a) snowing ' tpupal epithe gum.
dote ^t e' fire striated border . The nuclei of
the fragments of the larval epithelium (the
yellow. body) are still noticeable .(400x)
Fig. 43 Longitudinal section of the midgut of a 240-hr-







Fig. 44 Longitudinal section of the midgut of an old
adult of Euploea, showing the tubular peritrophic
membrane which is multi-layered (200x).
Fig. 45 Longitudinal section of the pylorus of an active
feeding 5th instar larva (Euploea), showing the
posterior imaginal ring (pi),the pyloric cone
(nc) , and the protuberance Note the protuberancE
is composed of mumnar cells.The anterior half
of the protuberance is covered with smooth intima,








Fig. 46 Longitudinal section of the anterior part of the
pyloric valve of an active feeding 5th instar
larva (Euploea), showing the spiculated intima
ring cells on the anterior end of the pyloric
valve (200x).
Fig. 47. Transverse section' of the pyloric valve of an
active feeding 5th ins tar larva (Euplo ea) .
Note the ring of the thick circular,sphincter
muscles (sm) and the epithelial lobes







Fig. 48 Transverse section of the ileum of an active
feeding 5th ins tar larva (Erionota) . Note the
folded epithelium (200x) .
Fig. 49 Transverse section through the posterior region
of the phift cter., of an. active feeding .5thinstar
larva, (Euploea)r, showing the, jzpnvoluted epitbelium
wh ic ts Iird with thick cuticuln ntima Note
there is no ileonode or giant epithelial cell
present in the ilial epithelium (80x).
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Fig. 50 Transverse section of the ileum of an active
feeding 5th instar larva ( uplbea) .` Note the
folded epithelium which enables t he ileum to
expand twice its size during passage of faecal
pellets (80x)1.
Fig. 51. Longitudinal section through the border between
the rectal valve and the rectal sac of an feeding
5t -s -_nstar larva (Erionota). Note the sclerotized
y r leg
ring (sr), that marks the anterior end if the rectal





Fig. 52 Transverse section of the rectal sac of an active
feeding ,5th star larva (EuRloea)., showing the
rectal 'complex.,.Note the: Malpighian tubules are
intimately applied to the rectal sac through the
outer, medial and ingeic spaces forming the outer
and inner tubules. The cuticular intima is
detached from the epithelium r,thus forming a
subcuticular space (200x).
Fig. 53 Transverse section through the posterior end 'of
the rectal complex of an active f ee_din ` 5th in tar
larva (. u loea) , showing the normal rectal epithelium
(ne) . Note the cells of the epithelium are in
contact with he 'c ticular int ma. 'There is no
reassociation of Malftjhian tubules on the outer










Fig. 54 Longitudirnal' sectioia 'of 'the ariteriot hindgut of'`'
a °30-hr-pupa` (`E onofia shown the 'with•dr=a al
oP the- larvae pylorus p). rote ei%id'gut hasr.•
reduced to a narrow tube, The epithelial cells
of the larval pylorus are condensed (80x).
Fig. 55 Longitudinal section of the anterior hindgut of
a.. -5G-hr-pupa- (Erionota) PAS s tain'ed showing
the degenerat on of the Outer- lying muscles .
Note 'tlie globular''bbd e§° (arrowed) ,,`sta3ned'
darkly with' PAS. The musculature of the midgut





Fig. 56 Longitudinal section of the anterior hindgut of
at 180-hr-1papa (Er ionota) , showing the completion
of the de lencrat ion of the muscles. Note the
old tima loc.it d at the anterior margin of
the hindut (80x) .
Fig. 57 Longitudinal section of the anterior hindgut of
a 240-hr-pta (Er ionota) , showing the discharge
of the waste products from the midgut to the
h1ndgut. The ileum expands twice its size to




Fig. 58 Transverse section of anterior hindgut of a 50-hr-
pupa (Erionota), showing mitotic figures (arrowed).
Note the degeneration of the outer muscles. Pupal
spherules are noticeable around the epithelium (400x)
Fig. 59 Longitudinal section of the pupal ileum of a
150-hr-pupa (Euploea), showing the highly folded







Fig. 60 Longitudinal section. of the, pupal ileum of a
200-hr-pupa (Euploea), showing the deep circular
folding of the epithelium (400x).
Fig. 61 Transverse section'of the pupal ileum of a
240-hr-pupa (Erionota)., showing the longitudinal
foldings of the epithelium. Note the attach-
□















Fig. 62 Longitudinal section of the rectal epithelium
of a 0--hr-pupa. (Erionota) , showing the
condensation of the rectum. The epithelial
cells are closely appressed (SOx).
Fig. 63 Longitudinal section of the rectal epithelium
of a 45-hr-pupa (Erionota), showing the dis-
association of the rectal complex and the





Fig. 64 Transverse section of the anterior rectal sac
of a 24-hr-pupa (Euploea). Note the- rectal
complex persists the reassociation_. of the
1aipi.ghia n tubules and the rectal sac so far,
Part of the ileal wall is situated at the
d
anterior rectum occluding the.lumen (80x).
Fig. 65 Transverse section of the posterior rectal sac
o:E a 24-hr-pupa (Euploea), showing the rectal






Fig. 66 Longitudinal section of the rectal caecum of a
180-hr-pupa .( rionota) . Note the.squamous
epithelial cells with thick cuticular intima
(400x).
Fig. 67 Longitudinal section of the rectal caecum of a
220-hr-pupa (Erionota), showing the highly
folded epithelium. Unidentified globular bodies







Fig. 68 Transverse section of the rectal sac of a
44-hr-pupa (Euploea), showing the pupal spherules
which indicate the degeneration of muscles and
other tissues (2002t).
Fig. 69 Transverse section of the posterior region of
the rectal caecum of a 72-hr-pupa (Erionota),









Fig. 70 Longitudinal section of the rectal epithelium
of a 150-hr-pupa (Erionota), showing the
developing rectal pad and the general epithelium
The cytoplasm of the cortical cells has extruded
to the lumen (800x).
Fig. 71 Same as above. Note the developing rectal pad













Fig. 72 Longitudinal section of the rectal epithelium of
a 180-hr-pupa (Erionota), showing the radial
cells, the junction cells, the inf undibu la , and
the medular cells (arrowed). Note the nuclei of
the cortical cells have migrated to the luminal
side of the r el is f 800x) .
Fig. 73' Longitudinal-section of the rectal epithelium of
a 220-hr-pupa (Erionota), showing the flattening
of the cortical cells. Note the light-staining









Fig. 74 Longitudinal section of the rectal pad of a 240-
hr-pupa (Euploea), showing the final stage of
the rectal pad development in Euploea. Note the
intima is detached from the cortical cells (800x) .
Fig. 75 Longitudinal section of the rectal pad of an
adult (Euploea). Note T5iance of the structure















1. The larval guts of both Erionota and Euploea are typical
of Lepidopterous larva in general and are believed to be a
primitive form among insects.
2. As generally accepted, the foregut and hindgut are ectodermal
in origin while the midgut is endodermal originated. All these
regions join together to form a simple straight tube. These
regions, however, perform their specific functions in the
digestion of food materials.
3. The foregut of th*e larva serves merely as a tube that
leads the food particles posteriorly and stores them temporarily
before voided to the midgut. Unlike some other insects such
as Blatta orientalis (Snodgrass, 1935), no cuticular teeth
are present in the foregut. Thus, no physical digestion
occurs here. Also, no digestive enzymes are secreted by the
foregut epithelium.
4. The narrow foregut of the adult serves a continuous capillary
of the siphon and provides assistance in the uptake of fluids
by means of capillarity.
5. The midgut of the larva is undoubtedly the digestive and
absorptive region of the gut. Nucleated and non-nucleated
vesicles are found in the space between the epithelial wall
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and the peritrophic membrane. Non-nucleated vesicles appear
in dominance in the feeding larva while nucleated vesicles
are more abundant when the larva becomes mature.
6. The hindgut of the larva is the region for faecal pellet
formation and, at the same time, functions in reabsorptiond
of water. Faecal pellets are formed in the ileum and the
reabsorption of water takes place in the rectum effected
by the cryptonephridial system.
7. Despite the degeneration of the cells of Region 4 and 5
of the oesophageal invagination, only condensation and
rearrangement of cells take place in the foregut during the
progress of metamorphosis. The hindgut also undergoes no
degeneration of cells during metamorphosis.
8. The tall cells of the larval epithelium of the midgut
are completely replaced by the regenerative cells. As a
result of further development of the regerative cells during
the prepupal stage, the epithelium of the larval midgut is
sloughed to the lumen known as the yellow body.
9. The larval oesophageal invagination is unlikely served
as valves in preventing- regurgitation. However, three adult
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structures are derived from the anterior imaginal ring
during metamorphosis, they are: the adult crop, the
proventriculus, and the adult oesophageal invagination.
10. Instead of forming the dorsal diverticulum as in Aedes
(Romoser and Venard, 1967), Region 4 and 5 degenerate during
the formation of the adult crop which is derived from the
second region of the anterior imaginal ring.
11. The proventriculus of the adult is formed of the cells
of region 2 of the anterior imaginal ring left after the
formation of the adult crop.
12. The adult oesophageal invagination is formed by the
folding of the double-layered posterior region of the
developing proventriculus into the midgut shortly before
adult emergence.
13. The adult crop probably serves to provide a compensatory
mechanism for maintaining haemo co el volume during the expansior
of the wings. Moreover, the crop may, at the same time,
provides an assistance for aerostatic purposes.
14. The muscular adult proventriculus may function like the
epiglottis of mammals to prevent the entry of air to the midgut
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15. The function of the adult oesophageal invagination is
obscure. In Lepidopterous larvae, this structure is said
to serve to ensure the food entering the peritrophic membrane.
However, in the nectar feeding adults, the need for such a
function is unknown. The only possible function for this
structure is to provide assistance for preventing the entry
of air to the midgut.
16. The midgut undergoes little change in the pupal stage.
In the pupal stage, even when the insect is cut off completely
from supplies of food, the midgut is still functional. The
yellow body is stored in the midgut and is broken down
gradually. Presumably, materials of the yellow body are
reabsorbed and reused. Remnants are discharged to the hindgut
in the pre-emergence stage.
17. The peritrophic membrane is not universally found in
Lepidopterous adults. In the present study, the membrane
is only present in adult Euploea with no known function. The
membrane is produced by a ring of cells at the anterior end
of the midgut. It is obvious that these cells continue to
produce new membrane during the adult life after emergence.
18. The posterior imaginal ring, unlike the anterior imaginal
ring, forms no adult organs-for the insect.
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19. After active mitotic activity, the larval ileum forms
the slender, narrow pupal hindgut. The ileum is then mainly
concerned with the reabsorption of water.
20. The rectal caecum and the rectal pouch are derived
directly from the larval rectum. The epithelium of the
O
rectal caecum is highly folded and is very flexible this
implies that the function of the rectal caecum is mainly
for storage of metabolic wastes. It is generally believed
that the rectal pads of the rectal pouch are responsible
for the reabsorption of water in both the pupa and the
adult (Wigglesworth, 1932, 1972 Judy and Gilbert, 1969,
1970).
21. The muscles that surround the alimentary .canal of the
larva undergo alterations during metamorphosis. The muscles
of the foregut and the hindgut begin to degenerate shortly
after pupation. Fragments of the muscles are -phagocytosed
by the pupal haemocytes, which are multinucleated masses,
to form the spherules. However, no degeneration of the
muscles of the midgut takes place during metamorphosis.
The degeneration and regeneration of the muscles of the
larval foregut and hindgut can be viewed as an adaptation to
the mode of feeding of the insect. In the larva, the foregut
is designed for the ingestion of- rigid food clippings the
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hindgut is designed for the formation of faecal pellets and
the reabsorption of water. These activities require strong
muscle action. In the adult, the foregut is only a passway
.or a capillary for fluids the hindgut is no longer needed
for the formation of rigid faecal pellets. The strong
muscle contraction is therefore no more a necessity.
176
ACKNOWLEDGEMENTS
I wish to express my hearty gratitude to Dr. W.
W. K. Cheung, my supervisor, for his invaluable advice
and encouragement of this study..
I am indebted to the Herbarium of the Chinese
University of Hong Kong and the Commonwealth Institute
of Entomology (United Kingdom) for the identification
of plant and insect specimens.
I am grateful to Mr. C. F. Mo, Miss K. Y. Leung,
and Mr. Henry Shea for their technical assistance. My
grateful thanks are due to Mr. T. K. Woo for collecting
experimental materials. I am also grateful to Mr. Chapman
Wong and Mr. H. W. Cheng for their professional advice
and assistance in photography.
I also wish to express my sincere thanks to
Mr. C. Lun and Mr. Y. W. Luk for their miscellaneous
helps during the course of this study. To all my colleagues,
I am thankful for their encouragement and suggestions.
Finally, I must be grateful to Mrs. Amy Shea who
performed the onerous task of typing the manuscript.
177
REFERENCES
Ameen, M. U. 1969. Metamorphosis of some of the organ systems in
fly Ptychoptera albimana F. Trans. Roy. Entomol.
Soc. Lond. 121 : 235-279.
Ameen, M. U. and Rahman, M. F. 1973. Larval and adult digestive
tracts of Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae). Int. J. Insect Morphol. Embryol.
2 : 137-152.
Anderson, E. and Harvey, W. R. 1966. Active transport by
the cecropia midgut. II. Fine structure of the
midgut epithelium. J. Cell Biol. 31 : 107-134.
Bahadur, J. and Kathuria, 0. P. 1971. Development of ventral
oesophageal diverticulum in Papilio aristolochiae F.
(Lepidoptera : Papilionidae). Int. J. Insect
'MorDhol. Embrvol. 1 : 21-27.
Beal, J. A. 1927. The development of the proventriculus of
Pityogenes hopkinsi•Swaine. Ann. Entomol. Soc.
Amer. 20 : 522-539.
Beams, H. W. and Anderson, E. 1957. Light and electron microscope
studies on the striated border of the intestinal
epithelial cells of insects. J. Morph. 100 : 601-619
178
Becker, B. 1978. Determination on the formation rate of peri-
trophic membranes in some Diptera. J. Insect
Physiol. 24 : 529-533.
Benham, G. S. Jr., 1970. Gross morphology and transformation
of the digestive tract of Prionus laticollis
(Coleoptera : Cerambycidae). Ann. Entomol. Soc.
Amer. 63 : 1413-9.
Bodenstein, D. 1950. The postembryonic development of Drosophila.
In Demerec, M., ed., Biology of Drosophila,
pp. 275-367, John Wiley, New York.
Bordas, L. 1911. L'appereil digestif el les tubes de Mapighi
des larves de 1epidopteres. Ann. Sci. Natur.
(nn1_) 1 -- 191-97'_
Byers, J. R. and Bond, E. F. 1971. Surface specialization of
the hindgut cuticle of lepidopterous larvae.
Can. J. Zool. 49 : 867-876.
Chauthani, A. R. and Callahan, P. S. 1967. Developmental
morphology of the alimentary canal of Heliothis
zea (Lepidoptera : Noctuidae). Ann. Entomol.
Soc. Amer. 60 : 1136-1140.
179
Cheung, W. W. K. 1966. A study of nutrition and digestion in
the larvae of rice stem borers (Lepidoptera).
B.Sc. Special Thesis, Zoology Department, University
of Hong Kong.
Chi, C., Drew, W. A., Young, J. H., and Curd, M. R. 1975.
Comparative morphology and histology of the larval
digestive system of two genera of Noctuidae (Lep.) :
Heliothis and Spodoptera. Ann. Entomol. Soc. Amer.
68 : 371-380.
Common, I. F. B. 1975. Evolution and classification of the
Lepidoptera. Ann. Rev. Ent. 20 : 183-203.
Deegener, P. 1908. Die Entwicklung des Darmkanals der Insekten
wahrend der Metamorphose. Teil II. Malacosoma
castrensis (Lepid.). Zool. Jahrb. Anat. 26 : 45-
182. .
Drecktrah, H. G., Knight, K. L., and Brindley, T. A. 1966.
Morphological investigations of the internal anatomy
of the fifth larval instar of the European Corn Borer.
Iowa State J. Sci. 40 : 257-286.
180
Durr, H. J. R. 1967. The structure of the hindgut and associated
structures of the larva of Sesamia calamistris
Hampson (Lepidoptera : Noctuidae). S. Afr. J. Agr. Sci
10 : 723-734.
El-Sawaf, S. K. 1950. The life history of the greater waxmoth
(Galleria mellonella L.) in Egypt, with special
reference to the morphology of the mature. Bull.
de la Societe Fauad Ier D'Entomologie. 35 : 247-249.
Grandi, M. 1950. Contributi allo studio degli Efemerotteri
italiani. XIV. Morfologia ed isotologia dell'
apparato digerente degli standi preimmaginali,
subimmaginali ed immaginali di veri generi et
specie. Boll. Ist. Ent. Univ. Bologna
18 : 58-92.
Gray, J. 1931. The post-embryological development of the
digestive system in Homaledra sabalella Chambers.
(Lepidoptera : Cosmopterygidae). Ann. Entomol.
Soc. Amer. 24 : 45-107.
Henson, H. 1931. The structure and post-embryonic development
of Vanessa urticae (Lepidoptera) - I. The larval
alimentary canal. Quart. J. Microsc. Sci.
74 : 321-360.
181
Henson, H. 1932. The development of the alimentary canal in
Pieris brassicae and the endodermal origin of the
Malighian tubules of insects. ibid 75 : 283-307.
Henson, H. 1937. The structure and post-embryonic development
of Vanessa urticae (Lepidoptera) - II. The larval
Malpighian tubules. ibid 80: 161-174.
Hirano, C. 1964. Studies on the nutritional relationships
between larvae of Chilo suppressalis Walker and
the rice plant, with special reference to role
of nitrogen in nutrition of larvae. Bull. Nat.
Ins. Agric. Sci. Japan C17 : 103-180.
Hufnagel, A. 1918. Recherches histologiques sur la metamorphose
d'unLepidoptera (Hyponomeuta padella L.). Arch.
Znn1. Fxn. Gen. 57 : 47-202.
Judy, K. J. and Gilbert, L. I. 1969. Morphology of the alimentary
canal during the metamorphosis of Hyalophora cecropia
(Lepidoptera : Saturniidae). Ann. Entomol. Soc. Amer.
62 : 1438-1446.
Judy, K. J. and Gilbert, L. I. 1970. Histology of the alimentary
canal during the metamorphosis of Hyalophora cecropia
(Levid.). J. Morphol. 131 : 277-300.
182
Kathuria, 0. P. 1972. Metamorphic changes in posterior region
of foregut of Papilio aristolochiae F. (Lepidoptera
Papilionidae). Int. J. Insect Morphol. Embryol.
1 : 163-168.
Kellogg, C. R. 1968. Entomological excerpts from Southeastern
China (Fukien Province). Claremont, California.
Khare, M. K. 1974. Metamorphosis. of the cryptonephric Malpighian
tubules of Corcyra cephalonica Staint. (Lepidoptera :
Pyralididae). Int. J. Insect Morphol. Embryol.
3 : 163-170.
Krishnakumaran, A. and Schneiderman, H. A. 1964. Development
capacities of the cells of an adult moth. J. Ex p.
Zool. 157 : 293-305.
Lim, G. H. and Teo, L. H. 1971. The digestive enzymes in the
black cutworm Agrotis ypsilon Rott. (Lepidoptera
Noctuidae). Nanyan University J. 5 : 157-169.
Lyonnet, P. 1762. Traite anatomique de la chenille, qui rongE
le bois de saule. La Haye, Pierre Cosse, Jr. and
Daniel Pinet, Lib. de S. A. S. a la Haye.
183
Machida, J. 1933. On the epithelium of the midgut in the
silkworm larva. Bull. Imp. Seri. Exp. Sta.
8 : 337-358.
Malpighi, M. 1669. Dissertatio epistolica de Bombyce Londres,
Mansour, K. 1927. The development of the larval and adult
midgut of Calandra oryzae (Linn.) : The rice weevil,
Quart. J. Microsc. Sci. 71 : 313-352.
Mcleod, D. G. R., Graham, W. G. and Hannay, C. L. 1969. An
observation on the ileum of the European corn borer,
Ostrinia nubilalis.' J. Insect Physiol. 15 :
927-929.
Morgan, A., Church, N. S. ,-.and Rempel, J. G. 1970. The
structure and function of the digestive system during
post embryonic development in Lytta nuttalli Say
.(Coleoptera : Meloidae). Can. J. Zool. 48
337-350.
Neiswander, R. B. 1935. The alimentary canal of the oriental
fruit moth larva. Ohio J. Sci. 35 : 434-439.
Pearse, A. G. E. 1968. Histochemistry, theoretical and applied,
2nd ed., J. A. Churchill Ltd., London.
184
Perez, C. 1910. Recherches histologiques sur la metamorphose
des Muscides (Calliphora erythrocephala Meig.).
Arch. Zool. Exp. Gen. 4 : 1-274.
Peterson, A. 1912. Anatomy of the tomato-worm larva, Protoparce
carolina. Ann. Entomol. Soc. Amer. 5 : 246-269.
Pickles, A. 1931. On the metamorphosis of the alimenary canal
in certain Emphemeroptera. Trans. Roy. Soc. Lond.
79 : 263-276.
Ramsay, J. A. 1976. The rectal complex in the larvae of
Lepidoptera. Trans. Roy. Soc. Lond. B274 :
203-226.
Reinecke, J. P., Cook, B. J., and Adams, T. S. 1973. Larval
hindgut of Manduca sexta (L.) (Lepidoptera
Sphingidae) Int. J. Insect Morphol. Embryol.
2 : 277-290.
Richards, A. G. and Richards, P. A. 1977. The peritrophic
membranes of insects. Ann. Rev. Ent. 22 :
219-240.
185
Romoser, W. S. and Venard, C. E. 1966. The development of
the ventral oesophageal diverticulum in Aedes
triseriatus (Diptera : Culicidae). Ann. Entomol.
Soc. Amer. 59 : 484-89.
Romoser, W. S. and Venard, C. E. 1967. Development of the
dorsal oesophageal diverticula in Aedes triseriatus
(Diptera : Culicidae). Ann. Entomol. Soc. Amer.
60 : 617-623.
Saini, R. S. 1964. Histology and physiology of the
cryptonephridial system of insects. Trans.
Roy. Entomol. Soc. Lond. 116 : 347-392.
Schultz, T. W. and Jungreis, A. M. 1977. The goblet cavity
matrix in the larval midgut of Hyalophora cecropia
J. Insect Physiol. 23 : 29-32.
Shinoda, 0. 1926. Contributions to the knowledge of the
interstinal secretion of insects. I. Mid-intestinal
secretion of Lepidoptera, with an appendix : behavior
of mitochondria in the mid-intestinal epithelium of
the silkworm, Bombyx mori, L. Memoirs of the
College of Science, Kyoto Imperial University, Series
B, 2 : 93-109.
186
Smart, P. 1976. Encyclopedia of the butterfly world. The
Hamlyn Publishing Group Ltd., London.
Smith, D. S. 1968. Insect cells - their structure and function.
Oliver and Boyd Ltd.,.U.K.
Snodgrass, R. E. 1924. Anatomy and metamorphosis of the
apple maggot, Rhagoletis pomonella Walsh.
J. Agr. Res. 28 : 26.
Snodgrass, R. E. 1935. Principles of insect morphology. McGraw-
Hill Book Co., Inc., New York.
Srivastava, U. S. and Khare, M. K. 1966. The development of
Malpighian tubules and associated structures in
Philosamia ricini (Lepidoptera : Saturnidae).
J. Zool. Lond. 150 : 145-163.
Stober, W. K. 1927. Ernahrungsphysiologische Untersuchungen
an Lepidopteren. Z. vergl. Physiol. 6 : 530-565.
Swammerdam, J. 1685. Biblia naturae parue a Leyde.
Teotia, T. P. S. and Pathak, M. D. 1957. The anatomy of the
larva of Enarmonia pseudonectis Meyr. (Eucosmidae :
Lepidoptera). Ann. Zool. 2 : 65-85.
187
Trager, W. 1953. Nutrition. In Insect physiology, Roeder
K. D. ed., pp. 305-386, Wiley, N.Y.
Tsujita, M. 1943. Midgur histology and cytology of the silkworm,
Bull. Imp. Seri. Exp. Sta., 11 : 211-293.
Tsujita, M. 1948. Studies of the midgut epithelium in the
silkworm. II. On the oxydase reaction of the mid-
gut epithelium in the silkworm larva. Bull.
Seri. Exp. Sta. 12 : 667-678.
Verson, E. 1905. Zur Entwichlung des Verdauungskanals bei
Bombyx mori. Zeitschr. f. wiss. Zool. B82
523-600
Waku, Y. and Sumimoto, K. 1971. Metamorphosis of midgut
epithelial cells in the silkworm (Bombyx mori
L.) with special regard to the calcium deposits
in the cytoplasm. I. Light microscopy. Tissue
Cell. 3 : 127-136.
Waku, Y. and Sumimoto, K. 1974. Metamorphosis of midgut
epithelial cells in the silkworm (Bombyx mori L.)
with special regard to the calcium deposits in
the cytoplasm. II. Electron microscopy. Tissue
Cell. 6: 127-136.
188
Waterhouse, D. F. 1953. The occurrence and significance of
the peritrophic membrane, with special reference
to adult Lepidoptera and Diptera. Aust. J. Tool,
1 : 299-318.
Whitten, J. 1968. Metamorphic changes in insects. In
Metamorphosis : a problem in developmental biology,
Etkin, W. A. and Gilbert, L. E. ed., Appleton-
Century-Crofts, N.Y.
Wigglesworth, V. B. 1932. On the function of the so-called
'Rectal Glands' of insects. Quart. J. Microsc. Sci,
75 : 131-150.
Wigglesworth, V. B. 1972. The principles of insect physiology.
ELBS edition, 7th edition, Chapman and Hall Ltd.,
London.


